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PROCEEDINGS. 


ANNUAL  REPORT  OF  THE  COUNCIL 

FOR   THE   YEAR  1919. 

The  Council  have  pleasure  in  presenting  to  the  members  at  the 
Seventy-third  Annual  General  Meeting  their  Report  of  the  progress 
and  work  of  The  Institution  during  the  year. 

The  changes  which  have  taken  place  in  the  roll  during  1919  are 
shown  in  the  subjoined  tabulated  statement : — 


Hon.  M. 

M. 

A.M. 

A. 

G. 

Totals. 

Totals  at  31st  December  1918 

8 

2,801 

3,252 

58 

320 

685 
265 

6,439 

Elected 

Reinstated 

Transferred 

1 

78 

7 

75 

425 
16 

13 

66 
2 

Total  additions  during  1919 

3 

160 

441 

13 

68 

Deceased 

Resigned 

Erased 

Graduates      elected) 

Associate  Members  . ) 
Graduates  retired  under  ■» 

By-law  3.         .         ./ 
Elections  voided  . 
Transferred  . 

1 

CO  CO  00 

1    1  1  1 

20 

9 

32 

75 

2 
1 

7 

2 

20 

30 

1 

• 

Total  deductions  during  1919 

1 

59 

136 

3 

66 

Net  alterations  during  1919 

-1-2 
10 

-i-101 

-f-305 

-t-10 

+  2 

-f420 

Totals  at  31st  December  1919 

2,902 

3,557 

68 

322 

6,859 
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His  Majesty  the  King  has  conferred  the  following  honours  upon 
members : — 

Knight  Commander  of  the  Order  of  the  Indian  ?lmpire. — Erig.-General 
Lord  ^lontagu  of  Bcaulicu,  C.S.I. 

Knights  Bachelor. — Alfred  Chattcrton,  CLE. ;  J.  llumncy  Nicholson, 
C.M.G. 

Companions  of  the  Order  of  St.  Michael  ami  St.  George. — Brig.-General 
George  Rollo,  D.S.O. ;  Captain  (temp.  Colonel)  IL  C.  Sparks,  D.S.O.,  M.C. 

Companion  of  the  Order  of  the  Indian  Empire. — Lieut. -Colonel  S.  S.  W. 
Paddon. 

Order  of  the  British  Empire, 

Kmght  Commander  (K.B.E.). — John  McLaren. 

Commanders  (C.B.E.).—G.  H.  Banister;  A.  C.  Coubrough ;  W.  P. 
Harnett;  Prof.  H,  V.  Hubert ;  W.  W.  Lackic  ;  S.  L.  Pearco ;  Eng.  Captain 
A.  E.  Tompkins,  R.N. 

Officers  (O.B.E.).— 'Eng.  Lieut.-Com.  H.  C.  Anstoy,  R.N. ;  W.  R.  Aveline ; 
A.  M.  Bell ;  Capt.  N.  H.  Brierley,  R.E. ;  Thomas  Curr  ;  J.  T.  Ewen,  F.R.S.E. ; 
Lieut.  J.  C.  Gardner ;  Major  T.  E.  Goodeve,  R.E. ;  Capt.  E.  D,  A.  Herbert, 
R.G.A. ;  Lieut.-Col.  H.  J.  Higgs,  A.M.,  R.E. ;  L.  B.  Hogarth;  Major  W.  D.  L. 
Jupp,  R.A.F. ;  L.  A.  Legros ;  L.  G.  McFarlane ;  Major  J.  C.  M.  Manley, 
R.F.A. ;  Major  C.  J.  Murfitt,  R.A.F. ;  F.  J.  Page;  W.  Littlejohn  Philip; 
Lieut.  H.  S.  Rowell,  R.A. ;  Major  B.  W.  Shilson,  R.A.S.C;  Lieut.-Com,  W. 
Simpson,  R.N.V.R.;  William  Taylor ;  Capt.  Francis  Theakston,  R.E. ;  Capt. 
W.  E.  Wort,  I.O.M.,  R.A.O.C. ;  Major  A.  J.  Wright,  I.O.M.,  R.A.O.C. 

Members  {M.B.E.).— 'Edgar:  Alcock ;  Charles  W.  Bowles  ;  H.  C, 
Brocklehurst ;  H.  R.  J.  Burstall;  J.  L.  Butler;  G.  E.  Buttenshaw ;  John 
Cowan ;  P.  J.  Cowan  ;  Capt.  H.  E.  Fozard ;  W.  A.  Hatch  ;  Lieut.  A.  McDougall, 
R.E. ;  Thomas  Molyneux ;  F.  B.  Richards ;  A.  E.  Shorter ;  Lieut.  Georgo 
Stow ;  W.  J.  Tomes ;  A.  W.  Windsor. 

Distinguished  Service  Order. — Major  Howard  A.  Bowser,  R.G.A. ;  Major 
F.  W.  Lawson ;  Major  John  McPherson,  R.F.A.  (T.F.). 

Military  Cross.— Capt.  G.  G.  Roberts,  R.E. ;  Lieut.  H.  C.  Rodda,  R.E.  (T.). 

It  is  very  gratifying  to  record  the  acceptance  by  H.R.H.  The 
Prince  of  W.ales  of  the  nomination  as  .an  Honorary  Life  Member 
of  The  Institution. 

Sir  Richard  T.  Glazebrook,  K.C.B.,  F.R.S.,  and  The  Hon.  Sir 
Rajendra  N.  Mookei-joe,  K.C.I.E.,  have  {ilso  been  nominated 
Honoi-,iry  Ijife  ]\I  embers-^. 
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Deceases  of  the  following  members  (with  dates  of  election) 
were  reported  during  the  year.  The  names  of  those  who  lost  their 
lives  in  connexion  with  the  War  are  printed  in  heavier  type  : — 


1901.  Anderson,  J.  II. 

1911.  ANDEEWS,  G.  L.,  Capt.,  E.G.A. 

(died  1918) 
1876.  Armstrong,     William     (died 
1918) 

1893.  Berry,  Henry 
1898.  Burt,  George 

1907.  Chatfield,  K.  R.  (A.M.) 

(died  191S) 

1905.  CoorEB,  Robert 

1896.   COWDELL,  H.  C. 

1906.  Cuming,  George,  O.B.E. 
1887.  Cutler,  G.  B.  (died  1918) 
1901.  Dennis,  G.  S.  (A.M.) 

1912.  Donnelly,  S.  H.  (A.M.) 

1907.  Ferguson,  Mephan. 

1894.  Fowler,  Robert  H. 
1916.  Fox,  Carl  (A.M.) 
1903.  Gelling,  J.  W. 

1906.  Goodeve,  T.  E.,  O.B.E.,  Major. 

R.E. 

1914.  Goodman,  E.  S.  (A.M.) 
1912.  GEIMWOOD,  B.  C.  E.  {A.M.) 

(died  1917) 

1907.  HAMILTON,  A.  G.,  2iid  Lieut., 

E.E.  (A.M.) 
1911.  HiNES,  J.  S.  (A.M.) 
1909.  Jack,  F.  B. 
1876.  Jacobs,  C.  M. 
1899.  Jackson,  Sir  John,  C.V.O. 
1898,  Jackson,  R.  H.  (A.M.) 

1915.  Jabvis,  J.  B.,  Capt.,  R.A.O.C. 
1917.  Kell,  a.  H. 

1896.  Lemkes,  C.  R.  L.  (A.) 

1890.   LiNEHAM,  W.  J. 

1911.  Mitchell,  A.  H. 

1912.  Mitchell,  W.  A.  (A.M.) 

(died  1917) 


1897.  !MiYABARA,     Baron     J.,     Eng. 

Vice-Admiral 
1914.  Moulden^  E.  S.  (A.M.) 
1905.  Mowll,  H.  S.,  Lt.,  R.N.V.R. 
(A.M.)  (died  1918) 
1914.  Needham,  R.A.  (A.m.) 
1902.  Neil,  Alexander 
1888.  O'Donnell,  John  P. 

1905.  Obme,  C.  T.  (A.m.) 
1899.  Okmsey,  A.S.A. 

1890.  Potter,  W.  H. 

1891.  Powles,  H.  H.  p. 
1910.  Pratt,  Charles  Alfred 
1890.  Price,  John 

1902.  Rankin,  Ernest  A.  (A.M.) 

1906.  Raworth,  B.  a. 

1878.  Rayleigh,  Rt.  Hon.  Lord, 
P.C,  CM.,  F.R.S.  (Urn. 
Life  Member) 

1918.  EEED,     F.     H.,     E.A.F.     (G.) 

(died  1918) 
1912.  Reynolds,  Oliver  (A.M.) 

1906.  Rhodes,  Edgar  (A.M.) 
1890.  Rice,  Thomas  S.  (died  1918) 
1893.  Roberts,  C.  T.  (died  1918) 
1910.  Rodger,  J.  B.  (A.M.) 
1871.  Sanders,  R.  D. 

1884.  Shanks,  W.,  Col.,  V.D. 
1888.  Stephenson-Peach,  W.  J. 
1903.  Stewart,  George 
1910.  Strong,  E.  S. 

1919.  Tassell,  a.  J, 

1907.  Thomas,  J.  V.,    Lieut.,    R.E. 

(A.M.)  (died  1918) 
1915.  Thompson,  R.F.S.  (A.M.) 

(died  1918) 
1915.  Thorkely,  G.  H.  (died  1918) 
1865.  VicKEEs,  Albert 
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1898.  Walke,  C.  N.  E.  1884.  Williams,  J.  Begbt 

1882.  Wahdle,  P^uwiN  1905,  Willmkb,  E,  E.  (A.M.) 

18G8.  NVicKSTKKD,  J.  Hartley  1917.  Wilson,  John  II.  (G.) 

(Past-Prcsidait)  1903.  Wright,  Thomas 

Of  tlu'se,  Mr.  Albert  Vickers  was  one  of  the  oldest  Members, 
liMviiij;^  been  elected  in  18(i5,  and  Mr.  J.  Hartley  Wickstecd,  who 
.served  on  the  Council  from  1885,  and  was  President  during  1903-4. 

In  order  to  honour  the  memory  of  those  members  who  have 
fallen  in  the  War,  a  tablet  will  be  erected  in  a  prominent  place  in 
The  Institution  House,  and  a  suitable  volume  will  be  prepared 
containing  the  names,  rank,  etc.,  of  those  who  have  been  on  Active 
Service. 

In  June  last  a  special  Service  was  held  in  "Westminster  Abbey 
in  memory  of  the  Knginoers  who  had  made  the  groat  Sacrifiee. 
The  Congregation  included  representatives  of  the  various  Technical 
Institutions,  and  a  large  number  of  relatives  and  friends  of  the 
fallen  men.  A  Service  was  also  held  in  July  in  Ilochester 
Cathedral  in  memory  of  the  Royal  Engineers  who  had  fallen, 
and  at  this  Service  The  Institution  was  represented  by  Engineer 
Vice- Admiral  Sir  Henry  J.  Oram,  K.C.B.,  F.R.S.,  Member  of 
Council. 

The  Council  wish  to  place  on  record  their  indebtedness  to  the 
Council  of  The  Institution  of  Civil  Engineers  for  so  kindly 
allowing  their  Meeting  Hall  and  other  rooms  to  be  used  by  this 
Institution  during  the  War.  This  hearty  co-operation  has  emibled 
the  restricted  activities  of  this  Institution  to  be  carried  on  during 
a  difficult  and  trying  period.  A  Grant  of  £oO  has  been  made  to 
the  stafl"  of  The  Institution  of  Civil  Engineers  as  a  recognition  of 
the  assistance  so  readily  rendered. 

The  Accounts  for  the  year  ended  31st  December  1919  are 
submitted  («ee  pages  14  to  22),  having  l>een  duly  certified  by 
the  Auditor.      The  totiil  revenue  wa       22,683  148.  3^.,  while  the 
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expenditure  was  £24,842  lis.  8^.,  including  .£7,000  invested  for 
the  Reserve  Funds. 

Tl.e  total  assets  amount  to  .£159,943  IC"?.  7<?.,  and  deducting 
tlierefron\  tlie  £34,02;")  of  Debentures,  and  otlier  liabilities,  together 
with  the  total  amount  of  the  four  Reserve  Funds,  viz.  £52,923  15s.  5<if., 
the  Balance  Sheet  shows  a  credit  balance  of  £69,563  8s.  Od. 

The  certificates  of  all  securities  have  been  duly  verified  by  the 
Finance  Committee  and  the  Auditor. 

The  following  grants  were  made  by  the  Council,  for  the  year, 
in  aid  of  the  three  Researches  now  being  cai-ried  on  under  tlie 
direction  of  The  Institution,  namel}- : — 

Alloys £220 

Steam-Nozzles      .  .  .  .  .  £150 

Hardness  Tests £150 

Cutting  Tools £100 

A  grant  of  £20  was  made  from  the  Sir  Robert  lladfield  Prize 
Fund  to  IVlr.  A.  F.  Shore,  of  New  York,  for  his  Paper  on 
"  Ifardness  Determination,"  which  has  been  published  in  the 
Journal  of  the  Iron  and  Steel  Institute ;  also  one  of  £7  to 
Mr.  J.  Innes,  for  his  Paper  on  "  The  IMeasurement  of  High  Degrees 
of  Hardness,"  which  will  be  published  in  the  Proceedings. 

The  various  Research  Committees  have  continued  their  work  as 
follows : — 

Alloys  Mesenrch. — The  work  of  this  Committee,  under  •  the 
Chairmanship  of  Mr.  Dewrance,  has  been  carried  on  at  the 
National  Physical  Laboratory,  but,  as  mentioned  in  previous 
Annual  Reports,  it  has  not  yet  been  possible  to  publish  the  results 
of  the  investigations.  The  Eleventh  Report  will  be  presented  at 
an  early  date. 

Steam-Nozzles  Research. — The  construction  of  the  experimental 
apparatus,  referred  to  in  the  last  Annual  Report,  has  been  further 
delayed  for  w.ant  of  funds,  but  help  has  been  promised  in 
this   direction   by   a   grant   of   £500   from   the   Turbine    Blading 
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Research  Committee  of  the  B.E.A.M.A.  It  will  then  be  possible 
to  give  an  order  for  tht*  construction  of  the  apparatus  and 
subsequently  to  erect  it  at  the  Dickinson  Street  Power  Station, 
Manchester,  by  permission  of  the  Corporation,  where  the 
experiments  will  be  conducted  under  the  supervision  of  Professor 
G.  Gerald  Stoney,  F.R.S.,  and  Mr.  S.  L.  Pearce,  C.B.E. 

Hardness  Tests. — The  work  of  this  Committee,  under  the 
Chairmanship  of  Dr.  W.  Cawthorne  XJnwin,  F.E.  S.,  has  been 
carried  on  at  the  National  Physicjxl  Laboratory  by  Dr.  T.  E. 
Sttvnton,  F.R.S.  It  is  hoped  to  present  a  Report  during  1920 : 
(1)  on  the  Efiect  on  the  Resistance  to  Wear  by  Sliding  Abrasion, 
as  afiected  by  a  A'ariation  in  the  Intensity  of  the  Load  and  the 
Speed  ;  also  (2)  on  the  law  of  Comparison  for  Ball  Indentation 
Tests,  with  balls  of  different  sizes. 

Wire-Ropes  Research. — The  work  of  this  Committee,  under 
the  Chairmanship  of  Dr.  H.  S.  Hele-Shaw,  F.R.S.,  has  been 
considerably  delayed  owing  to  the  "War,  but  arrangements  have 
been  made  for  carrying  out  experimental  work  at  the  Woolwich 
Polytechnic,  by  Dr.  W.  A.  Scoble  {Member)  who  has  been  appointed 
Reporter  to  the  Committee. 

Cutting  Tools  Research. — A  strong  Committee  for  carrying  out 
this  research  was  constituted  during  the  year.  In  order  to  examine 
the  ground  already  covered,  a  sum  of  <£100  was  granted  by  the 
Council  for  the  purpose  of  compiling  a  bibliography  of  the  subject ; 
and  this  work  was  entrusted  to  Mr.  G.  W.  liurley,  the  Author  of 
the  I'aper  on  "  Cutting  Power  of  Lathe  Turning  Tools,  Part  II," 
which  was  read  and  discussed  at  the  December  Meeting.  With 
the  view  of  collecting  data,  the  Committee  propose  to  address 
inquiries  to  makers  and  users  of  cutting  tools,  inviting  them  to 
furnish  results  of  their  experience  in  the  use  of  turning,  slotting, 
milling,  and  broaching  machines. 

Refrifjeration  Research. — The  work  of  this  Committee  has  been 
suspended  since  1914  owing  to  the  War.     The  Chairman  anticipates 
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tliat  investigations  may  shortly  be  made  into  the  physical  properties 
of  the  substances  used  in  refrigeration. 

Piston-Rings  Research. — Some  experiments  have  been  made 
with  internal-combustion  engines,  but  the  Committee  has  no  report 
to  make  at  present.  The  Committee  of  the  Privy  Council  for 
Scientific  and  Industrial  Research  handed  over  j£500,  the  sum 
presented  to  the  Research  Council  by  Mr.  Richard  Williamson, 
Member  of  Council. 

Suggestions  had  been  received  for  a  Research  on  Welding,  but 
it  was  felt  that  there  was  nothing  upon  which  a  i-esearch  in  the 
true  sense  could  be  undertaken. 

The  fourth  Award  of  the  Starley  Premium,  for  the  best  Paper 
published  in  the  Pi'oceedings  of  1917,  1918,  and  1919,  dealing 
with  the  Development  of  Road  Locomotion,  has  been  made  to 
Mr.  L.  A.  Legros,  for  his  Paper  on  "  Traction  on  Bad  Roads  or 
Land  "  (Proceedings  1918,  page  55).  The  fifth  Award  will  be  made 
in  February  1923. 

The  Thomas  Hawksley  Gold  Medal  for  1920,  given  annually 
for  the  best  Paper  published  in  the  Proceedings  of  the  preceding 
year,  has  been  awarded  to  Mr.  Thomas  T.  Heaton,  for  his  Paper 
on  "  Electric  Welding  "  (Proceedings  1919,  page  49). 

The  first  Award  of  the  T.  Bernard  Hall  Prize,  for  the  best 
Paper  dealing  with  invention,  design  or  research  in  Mechanical 
Engineering,  published  in  the  Proceedings  of  1918  and  1919,  has 
been  made  to  Dr.  W.  H.  Hatfield,  for  his  Paper  on  "  The 
Mechanical  Properties  of  Steel,  with  some  consideration  of  the 
question  of  Brittleness"  (Proceedings  1919,  page  347). 

A  Grant  of  £50  has  again  been  made  to  the  Conjoint  Board  of 
Scientific  Societies  for  the  year  1919  ;  and  one  of  Fifty  Guineas 
to  the  British  Science  Guild,  towards  the  expenses  of  the  British 
Scientific  Products  Exhibition  held  last  Summer. 
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Tl)e    Institution    Examinations   were    held    in    Octohoi-,    wiien 

9  Candidates  passed  the  Graduateship  and  24  the  Associate 
Membership  Examination.  A  Prize  of  the  value  of  i^5  was 
awarded  to  S.  J.  Westcott  in  the  Associate  Membership 
Examination.  The  next  Examinations  will  be  held  in  April  1920. 
It  has  been  decided  that  one  modern  language  be  included  in  the 
syllabus  in  and  after  October  1920. 

The  Council  desire  to  thank  the  members  and  others  who  have 
made  presentations  to  the  Library.  A  complete  list  of  additions 
will  be  found  on  pages  27-4.'?.  The  Library  has  now  .again  become 
accessible  to  members,  and  it  is  intended  to  proceed  with  the 
compilation  of  a  new  Catalogue,  the  preparation  of  which  was 
suspended  during  the  War. 

The  portrait  of  Sir  John  A.  F.  Aspin.all,  M.Eng.,  Past- President, 
painted  by  Mr.  G.  Hall  Neale,  which  he  offered  to  The  Institution 
in  1915,  and  which  w.as  accepted  with  thanks  by  the  Council,  has 
now  been  hung  in  the  Meeting  Hall. 

The  Council  have  accepted  with  thanks  the  presentation  from 
Mr.  William  H.  Allen,  Vice-PreshJeuf,  of  a  Lo  Rhone  Aero 
Engine,  80-100  horse-power,  exemplifying  one  of  the  products  of 
his  Firm  during  the  War  period. 

Monthly  General  Meetings  were  held  during  the  year,  with 
the  exception  of  April,  June,  July,  August,  and  September. 
These  Meetings  were  occupied  with  the  reading  and  discussion  of 
the  following  Papers : — 

Electric  Welding ;  by  Thomas  T.  Heaton,  Member. 

The  development  of  the  Oxy-Acetylene  Welding  and  Catting  Industry  in  the 

United  States ;  by  Henry  Cave. 
Oxy-Acetylene  Welding  ;  by  J.  H.  Davies. 
Oxy-Acetylene  Welding ;  by  F.  Hazledine. 
Jigs,  Tools,  and  Special  Machines,  with  their  relation  to  the  production  of 

Standardized  Parts;  by  Herbert  C.  Armitage,  Associate  Member. 
The  Mechanical  Properties  of  Steel,  with  some  consideration  of  the  question 

of  Biittleness;  by  W.  H.  Hatfield,  D.Mot.,  Associate  Membir. 
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Address  by  the  President,  Edward  Hopkinson,  D.Sc,  M.P, 
The  Present  Position  of  Mechanical  Road  Traction  ;  by  C.  G.  Conradi,  Mevi  ber. 
Cutting  Power  of  Lathe  Turning  Tools,  Part  II;  by  (\.  W.  Burley,  Associate 
Member. 

The  following  Papers  were  accepted  for  publication  in  the 
Proceedings : — 

Brinell  and  Scratch  Tests  for  Hardened  Steel;  by  Sir  Robert  A.  Hadfield, 

Bart.,  F.R.S.,  Vice-President,  and  S.  A,  Main. 
Friction  Brakes  with  Straps  stiffened   by  Wood  Blocks ;    by  Walter    Pitt, 

Member. 
The  Measurement  of  Air  Flow  by  Ventari  Meter;  by  A.  H.  Gibson,  D.Sc, 

Member, 

The  thanks  of  The  Institution  have  been  expressed  to  the 
following  members  who  kindly  acted  as  Honorary  Loc.il 
Correspondents  during  the  Session  1918-19  : — 

Mr.  Guy  L.  Drury  (Xewcastle-on-Tyne). 

Mr.  Frederick  Grover  (Leeds). 

Mr.  John  W.  Hall  (Birmingham). 

Professor  A.  L.  Mellanby,  D.Sc.  (Glasgow). 

Professor  W.  Ripper,  C.H.,  D.Eng.,  D.Sc.  (Shellield). 

Mr.  David  E.  Roberts  (Cardija"). 

Mr.  Dempster  Smith,  M.B.E.  (Manchester). 

Four  Local  Meetings  were  held  in  Manchester,  three  in  Sheffield, 
two  in  Glasgow  and  Birmingham,  and  one  in  Leeds,  for  the 
further  discussion  of  Papers  presented  in  London.  Invitations 
were  extended  to  the  Members  of  the  Local  Engineering  and 
Metallurgical  Societies  to  attend  and  take  part  in  these  Meetings. 

At  the  last  Annual  General  Meeting  suggestions  were  made 
that  the  usefulness  of  The  Institution  might  be  increased  by  the 
introduction  of  facilities  for  social  intercourse  among  the  members, 
chiefly  by  the  holding  of  informal  meetings.  The  Council  therefore 
decided  to  inaugurate  such  Meetings  tentatively  during  the  present 
Session. 
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The  monthly  Meetings  of  the  Graduates  were  resumed  in 
October,  and  a  fidl  programme  of  Papers  and  Visits  has  been 
arranged  by  their  Committee  for  the  Session.  Tlio  Engineering 
Societies  of  the  Universities  of  Birmingham,  Bristol,  Edinburgh, 
CJlasgow,  Liverpool,  and  Manchester,  and  of  the  University  College 
of  South  Wales  and  Monmouthshire,  and  Armstrong  College, 
Xewcastle-on-Tyne,  have  again  extended  an  invitation  to  the 
Graduates  in  those  locjilities  to  attend  the  Meetings  of  their 
respective  Societies  during  the  Session. 

The  Centenary  of  the  death  of  James  Watt  occurred  d'aring 
the  year,  and  the  occision  was  notable  for  a  well-organized 
series  of  Commemoration  Meetings  in  JUrmingham  in  September. 
A  Committee,  on  which  this  Institution  was  represented,  was  formed 
under  the  Presidency  of  the  Lord  Mayor  of  Birmingham,  and  a 
general  appeal  was  made  for  subscriptions  towards  a  James  Watt 
Chair  of  Engineering,  a  Memorial  Building  to  serve  as  a  Museum 
of  the  Irelics  of  Watt,  Murdoch,  and  Boulton,  also  as  a  meeting 
place  for  Technical  Societies  and  the  publication  of  a  memorial 
volume.  In  response  to  this  appeal,  the  Council  of  this  Institution 
have  voted  a  sum  of  =£2,000  towards  the  cost  of  the  Memorial 
Building. 

The  Centenary  was  also  commemorated  in  Glasgow,  and  a 
Committee  was  formed  to  carry  out  the  scheme  of  providing 
additional  facilities  in  the  Glasgow  district  for  the  training  of 
engineers  and  of  further  endowing  the  Engineering  Department 
of  the  University  of  Glasgow. 

In  London  the  Director  of  the  Science  Museum,  South 
Kensington,  marked  the  Centenary  of  James  Watt's  death  by 
holding  a  special  Exhibition  of  Watt  engines  and  models, 
portraits,  MSS.,  and  drawings,  etc.,  which  included  a  number 
of  coloured  original  drawings  by  Boulton  and  Watt  lent  by  the 
Council. 

On  25th  August,  the  Centenary  of  James  Watt's  death,  a  laurel 
chaplet  was  deposited  on  the  monument  in  Westminster  Abbey,  on 
behalf  of  The  Institution. 
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Patent  Law  Amendment. — The  appointment  by  the  Council  of  a 
Committee  to  consider  the  Patents  and  Designs  Bill,  1917,  the 
Meeting  of  the  Conference  of  Technical  Institutions  interested  in 
the  Bill,  under  the  Chairmanship  of  the  President  of  this  Institution, 
the  Deputation  from  the  Conference  to  the  Board  of  Trade  on 
10th  .October  1918,  and  the  principal  recommendations  made  by 
tlie  Deputiition,  were  described  in  the  Annual  Pteport  for  1918. 

Soon  after  the  publication  of  that  Report  the  Bill  of  1917  was 
withdrawn,  and  a  new  Bill — the  Patents  and  Designs  Bill,  1919 — 
was  drafted.  The  Conference  appointed  a  Committee  to  examine 
the  new  Bill  as  soon  as  it  should  be  published,  and  to  draft 
amendments  if  necessary  to  bring  it  into  conformity  with  the 
recommendation  made  by  the  Deputation  to  the  Board  of  Trade. 
Unfortunately  no  opportunity  for  eflfective  action  in  the  House  of 
Commons  was  aftbrded.  The  Bill  was  introduced  and  ordered  to 
be  printed  on  15th  July,  almost  at  the  end  of  the  Session.  It  was 
sent  to  Standing  Committee  C  on  6th  August,  returned  to  the 
House  the  same  day,  passed  on  8th,  reprinted  and  sent  to  the 
House  of  Lords  three  days  later,  there  to  be  disposed  of  with  the 
same  undue  haste.  Fortunately  the  Committee  learnt  what  was 
being  done,  and  succeeded  in  getting  the  Second  Reading  in  the 
Upper  House  blocked  and  postponed  till  the  Autumn  Session. 
As  soon  as  the  probable  date  of  this  event  became  known  the 
Committee  took  steps  to  get  amendments  moved  and  carried,  nor 
did  it  cease  its  eflforts  till  every  opportunity  of  moving  amendments 
had  been  utilized.  The  amendments  obtained,  though  falling  short 
of  the  recommendations  of  the  Conference,  especially  in  the  matter 
of  the  Moratorium  for  Patents  adversely  affected  by  the  War,  have 
effected  substantial  improvements  in  the  Bill,  as  may  be  seen  by 
comparing  it  with  the  Bill  of  1917. 

The  principal  changes  are  : — 

1.  The  extension  of  the  term  of  patents  from  14  years  to 

16  years. 

2.  The  extension  of  the  term  of  provisional  protection  from 

6  months  to  9  months. 
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.'{.  Tlio  insertion  of  words  protecting  a  p.itcnteo  unwillingly 
nmile  a  party  to  an  infringement  action  by  a  licensee 
from  liability  for  costs. 

4.  Tlio    transfer    of   the    settlement   of    dispntos    between 

Government  Departments  issuing  patented  inventions, 
and  the  patentees  from  the  Treasury  to  a  Judge  of  the 
High  Court  with  power  to  appoint  an  arbitrator. 

5.  A  simplified  process  of  obtaining  extensions  of  the  terms 

of  patents  adversely  affected  by  the  War. 

The  Bill  received  the  Royal  Assent  on  the  23rd  December  1919. 

India. — Leading  members  in  India  have  taken  part  in  tlie 
formation  of  the  new  Indian  Society  of  Engineers,  representative 
of  all  professional  Engineering  interests  in  that  country. 

The  Institution  has  been  represented  on  the — 

Courts  of  the  Universities  of  Bristol,  Liverpool,  and  Slieflield. 
Governing  Bo.ard  of  the  Imperial  College  of  Science  and 

Technology. 
General  Committee  of  the  Roy.al  Society  for  administering 

the  Government  Grant  for  Scientific  Investigations. 
National  Physical  Laboratory. 
Engineering  Committee  of  the  Government  Department  of 

Research. 
British  Engineering  Standards  Main  Committee  and  Sectional 

Committees. 
School  of  Metalliferous  Mining  (Cornwall). 
London  Committee  of  the  University  of  Hong  Kong. 
Conjoint   Board   of   Scientific  Societies,    organized    by   the 

Royal  Society. 
Technical    Committee    of    The    Institution   of   Automobile 

Engineers  and  The  Society   of   Motor    Manufacturers 

and  Traders. 
Corrosion  Committee  of  The  Institute  of  Metals. 
Engineering  Training  Organization. 
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British  Association  Fuel  Economy  Committee. 

Imperial  Mineral  Resources  Bureau. 

British  Scientific  Products  Exhibition. 

Advisory  Council  for  the  Disposal  of  Surplus  Government 

Property. 
Royal  Sanitary  Institute  Congress. 

Water  Power  Resources  Committee  of  the  Board  of  Trade. 
Mechanical  Transport  Advisory  Board. 
Conference   on   Testing  Engineering   and   other  important 

Materials. 
Advisory  Committee  of  Loughborough  Technical  College. 
Committee  to  consider  the  question  of  the\ 

need  of  some  special  training  for  Road       (In  suspense 

Engineers.  I      during  the 

Nomenchxture    Committee,   constituted    by  War.) 

The  Institute  of  Metals.  ) 


Benevolent  Fund. 

This  Fund  now  includes  106  Life  Members,  and  280  Ordinary 
Members  subscribing  not  less  than  Half  a  Guinea.  The  Committee 
of  Management  hopes  that  this  number  will  be  considerably 
increased  this  year. 
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Dr.        ACCOUNT  OF   REVENUE   AND   EXPENDITURE 

Expetiditure, 

£  s.    d.     £       s.  d. 
To  Expenses  of  Maintonanco  and  Management — 

Salaries  aitd  \Va<jes 5,830  9  11 

Postages,  Telegrams,  atid  Telepluyne    .     .      .       952  5    3 

Healing,  Lighting,  and  Power IIG  13    4 

Fittings  and  Repairs 21  15    6 

Housekeeping 134  9    5 

Incidental  Expenses 114  14 


7,170    8    0 


Printing,  Stationery,  and  Binding — 

Printing  and  Engraving  Journal  .  .  .  .  3 ,  576  9  9 
Statiwicry  and  General  Printing  ....  1,925  :!  11 
Binding 170  19    7 

5,672  13    3 

Rent,  Rates,  Taxes,  &c. — 

Ground  Rent  (Birdcage  Walk)       .     .      .      .   1 ,  107  17     1 
Do.        No.  5  Princes  Street      ...       135    0    0 

Bent  of  temporary  Offices 488    5    0 

Wareliouse  Bent 2100 

Insurance 139    5    8 

1,891    7    9 

Meeting  Expenses — 

Printing 382    9    9 

Travelling  and  Incidental  Expenses   .     .     .       115    2    3 

Beporting 43    7    9 

Local  Meetings 133  15  10 

674  15    7 

Council  Prizes 646 

Books  purchased 64    5    8 

Law  Charges 770 

Examinations ...       204  13  11 

Certificates  of  Membership 59  15    0 

Researches 485  18    4 

,  Donation  to  British  Science  Guild 52  10    0 

Do.      to  Conjoint  Board  of  Scientific  Societies  ....         50    0    0 

,   Depreciation  on  Furniture  and  Fittings 139  12    8 

,   Debenture  Interest 1 ,  361    0    0 

,   Debenture  Redemption  Sinking  Fund 3,000    0    0 

,   Staff  Pensions  Fund .   1,000    0    0 

,   General  Reserve  Fund 3,000    0    0 

£24,842  11    8 
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FOR   THE   YEAR   ENDED   31st   DECEMBER    1919.       Cr. 

Bevenue. 

£        s.  d. 

By  Subscriptions  for  1919 16,213  10  0 

„   Subscriptions  in  arrear,  paid  in  1919 1,215    0  0 

„  Rents  of  Institution  Building 4,537  10  0 

„   Bank  Deposit  Interest 89    0  4 

„  Sale  of  Proceedings,  Journals,  and  Bound  Volumes — ■ 

Extra  Copies  sold 539    1  5 

„   Examination  Fees 89    5  0 

„   Debenture  Transfer  Fees 076 

Total  Revenue 22,683  14  3 

Balance,    being    excess    of    Expenditure    over    Revenue 
(exclusive    of    value    of    Subscriptions    in    arrear), 

carried  to  Balance  Sheet 2,158  17  5 


£24,842  11    8 
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Br.  BALANCE   SHEET 

£        s.     d.        £      8.     d. 
To  4%  Debentures  (1912  Issue)  :— 

Z21  Debentures  of  £.100  each 32,700    0    0 

23  Debenttires  of  £50  each 1 ,  150    0    0 

7  Debentures  of  £25  each 175    0    0 

34,025    0    0 

,,  Sundry  Creditors — 

Accotmts  owing  at  Zlst  Dec.  Idl^       ...       2,511    2    5 
Viiclaimed  Debenture  Interest'  {coupons  not 

presented) 133    4  11 

2,614    7    4 

„   Piston-Rings  Research  (luvestment  of  Mr.  Williamson's 

donation  of  £500  and  Interest),  per  contra       ....  612     5  10 

,,   Subscriptions  paid  in  advance 275    0     0 

,,   Reserve  Funds  (see  pages  18-19)  j)er  contra — 

Debenture  Redemption  Sinking  Fund  .      .       9,939  16    4 
Leaseholds  Amortisation     ,,  „      .      .     23,121  13    4 

Stafi  Pensions  Fund 2,578  13    0 

General  Reserve  Fund 17,283  12    9 

52,923  15     5 

„   Balance,  being    Capital    of    the    Institution, 
exclusive  of  the  Reserve  Funds  : — 

Dalajice  at  31st  Dec.  1918 70,619  15    5 

Deduct — 

Excess  of  Expenditure  over  Revenue 
for  the  year  ended  31st  Dec.  1910     .     2,158  17    5 

68,460  18    0 
Add— 

Amount  received  from  Entrance  Fees 

during  1919 C53     0    0 

Amountreceivedfrom  Life  Compositiojis 

during  1919 449  10    0 

69,563    8     0 

159,943  16     7 
„   Trust  Funds  (see  pages  20-22),  jjcr  C(Wi(ra 4,971  13    2 

£164,915    9    9 


Signed  by  tJie  following  Members  of  the  Finance  Committee : — 

Mauiv  Robinson  {Chairm,an).  W.  H.  Patchell. 

II.  S.  Hklk-Shaw.  Vincent  L.  Raven, 
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AT   31sT   DECEMBER   1919.  Cr. 

By  Cash  (exclusive  of  Reserve  and  Trust  Funds)—  £      s.    d. 

In  National  Provincial   and   Union  Bank  of 

England—  £        ,_    ^_ 

Deposited  at  Interest 2,000    0    0 

On  Current  Account     .      .     .    957    0     2 
TjCss  Piston -Rings  Pvcscarcb, 

Interest 12     5  10 

944  14     4 


2,944  14     4 
In  the  Secretary's  hands 39  13    2 

2,084    7    f) 

Amount  in  National  Provincial  and  Union  Bank  of  England  to 

meet  unclaimed  Debenture  Interest  (coztpous  7io<p>ese«.ferf)        133    4  11 
Piston-Rings   Research   (Investment   of   Sir.   Williamson's 

donation  of  £500  and  Interest),  2't''' fo;i/j-rt   ....         512     5  10 
Reserve  Funds,  Investments  and  Cash  in  Bank  for  investment 

(see  pages  18-1',)),  2?er  cwi/m 52,923  15    5 

Subscriptions  in  arrear,  not  valued. 

Furniture  and  Fittings  (Z€ss  depreciation) 1,25G  14     4 

Books  in  Library,  Drawings,  Engravings,  Models,  Specimens, 

and  Sculpture  (esfima^e  0/ 1893) 1,310    0    0 

Proceedings — stock  of  back  numbers,  not  valiced, 

£        s.  d. 

Institution  House Cost    60,270    2  10 

Princes  Street  Extension „       40,523    5    9 

Depreciation  covered  by  Leaseholds  Sinking     100,793     S     7 

Fund,  per  contra  

159,943  16    7 
Trust  Funds  (Investments  and  Cash  in  Bank,  see  pages  20  -22), 
per  coyitra —  £    s.   d. 

Willans  Premium  Fund      .      . 
Water  Arbitration  Prize  Fund 
Starley  Premium  Fund 
Bryan  Donkin  Fund 
Thomas  Hawksley  Fund 
Sir  R.  Hadfield  Prize  Fund 
T.  Bernard  Hall  Prize  Fund 

4,971  13     2 

£164,915    9    9 


I  have  examined  the  above  Balance  Sheet  and  report  that  I  have  obtained 
all  the  information  and  explanations  I  have  required.  In  my  opinion  such 
Balance  Sheet  is  properly  drawn  up  so  as  to  exhibit  a  true  and  correct  view 
of  the  state  of  the  Institution's  affairs  according  to  the  best  of  the  information 
and  explanations  given  to  me  and  as  shown  by  the  Books  of  the  Institution. 

Raymond  Cbane,  F.C.A., 
AudAtor, 
nth  January  1920.  4i/47  London  Wall,  London,  E.G. 
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DEBENTURE  REDEMPTION  SINKING  FUND. 

{Constituted  on  18th  May  1917.) 

£      s.    d.      £      s.    d. 
Investment  £9,942  19s.  5rf.  5%  War  Stock  1929- 

1947      ....     cost    9,404     1     8 

Do.         £350  4%  Funding  Stock     .         .       .,  280    0    0 

9,G84     1    a 

Cash  Balance 255  14     8 

Total,  as  per  Balance  Sheet        ....       £9,93910    4 


LEASEHOLDS  AMORTISATION  SINKING  FUND, 

(Constituted  on  18th  May  1917.) 

£        s.  d.    £        s.   d. 
Investment  £23,295  Os.  Sd.  5%  War  Stock  1929- 

1947          .         .         .     cost  22,072  14  5 

Do.       £1,300  4%  FundiiDg  Stock   .         .      „       1,040    0  0 

23,112  14     5 

Cash  Balance 8  18  11 

Total,  as  per  Balance  Sheet        ....  £23,12113    4 
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STAFF  PENSIONS  FUND. 

Investment  £700  L.  &  S.  W.  Rly.  3%  Consolidated  Deb.  Stock.          £  s.  d. 

Market  Valm  at  18th  May  1917        420  0  0 

Do.        £2,700 12s.  Id.  4%  Funding  Stock  .         .         .     cost    2,156  8  2 

2,576  8  2 

Cash  Balance          .         .         .                           .         ...         .            2  4  10 

Total,  as  per  Balance  Sheet           .         .         .         .  £2,578  13  0 


GENERAL  RESERVE  FUND. 

Investments —  £      s.      d. 

£       s.    d. 
5,408    0    0  L.  &  N.  W.  Ry.  3%  Debenture  Stock. 

5,080  12    0  Midland  Ry.  2J%  Debenture  Stock. 

3,084  10    8  jMetropolitan  Water  (B)  3%  Stock. 

1,586    0    0  London  County  3 J%  Consolidated  Stock. 

670    0    0  L.  &  S.  W.  Ry.  3%  Consolidated  Deb.  Stock. 

Market  Value  at  18th  May  1917    9,286  18    2 

Investment  £2,617  12s.  10(/..  4%  Funding  Stock  .         .     cost    2,017  10  11 

Do.        £7,450  Do.     (trans,  by  Deed)     .       „       5,976    2    8 


17,280  11     9 
Cash  Balance 3     10 

Total,  as  per  Balance  Sheet  .         .         .  £17,283  12    9 


C    li 


20    .  ANNUAL    ftfiPOltT    POR    I9l0. 

WILLANS   PREMIUM   FUND. 

{Subscribed,  1S97,  by  friends  of  tlie  late  P.  W.  Willans,  to  commemorate  the 
services  lie  rendered  to  Enfiitieering  and  Electrical  Science.) 
(Under  a  Joint  Trust  with  The  Institution  of  Electrical  Engineers.) 

£     a.   d. 

Investment  £159  8s.  5d.  of  India  3%  Stock cost      1G5    5    0 

£   s.    d. 

Cash  Balance  from  1918 14     0    0 

Interest  received  in  1919 4  15    4 

19     1     4 

184    f.     4 
Award  to:\[r.P.  J.  Cowanand  Mr.  F.  IT.  Trovithick       ....      14    G    0 

Total,  as  per  Balance  Sheet 170    0    4 

(For  Declaration  of  Trust,  see  Proceedings  191S,  page  23.) 

WATER   ARBITRATION   PRIZE   FUND. 

(Presented  by  the  late  Sir  Edtcard  Fry  and  the  Metropolitan  Water  Board,  to 
commemoi-ate  the  holding,  in  ilie  Institidion  building,  of  the  Court  of 
Arbitration,  1903-5,  relating  to  the  xmrchase  of  tlie  Undertakings  of 
the  eight  London  Wa^er  Companies.) 

£     s.  d. 
Investment  £528  10s.  2d.  of  Metropolitan  Water  (B)  3%  Stock  cost    500    0    0 

£    s.    d. 

Cash  Balance  from  1918 3G  19    6 

Interest  received  in  1919 10  19  10 

Income  Tax  refunded  in  1919 4  12     7 

r>2  11  11 

5.52  11  11 
Award  to  Mr.  A.  E.  L.  Chorlton,  C.B.E 31     8    0 

Total,  as  per  Balance  Sheet 521    3  11 

(For  Kegulations,  see  page  23.) 

STARLEY   PREMIUM   FUND. 

(Presented^  1906,  by  tlie  J.  K.  Starley  Memorial  Committee.) 

£    s.    d. 
Investment  £435  8s.   5d.  of  London  County  3^%  Consolidated 

Stock cost      440    7     G 

£     s.   d. 

Cafh  Balance  from  1918 2G  19    6 

Ir.terest  received  in  1919 10  13    4 

lucerne  Tax  refunded  in  1919 4    7  10 

42    0     8 

Total,  as  per  Balance  Sheet £482    8    2 

(For  Declaration  of  Tru.st,  see  Proceedings  191C,  page  25.) 
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BRYAN   DONKIN  FUND. 

(Beqtiest,  1909,  wider  tlie  Will  of  the  late  Bryan  Donkin,  Vice-President  1901-2.) 
Investment  £349  15s.  8d.  of  London  County  3J%  Consolidated      £     s.   d. 

Stock cost    360    6    6 

£    s.    d. 

Cash  Balance  from  1918 33    9    2 

Interest  received  in  1919 8  11     8 

Income  Tax  refunded  in  1919 3  10    3 

45  11     1 

405  17    7 

Grant  to  :Mr.  A.  11.  Barker 15    0    0 

,,      „  Mr.  C.  G.  Couradi  .      • 10    0    0 

25    0    0 

Total,  as  per  Balance  Sheet £380  17    7 

(For  Regulations,  sec  page  23.) 

THOMAS   HAWKSLEY   FUND. 

(Established  by  the  late  Charles  Hawksley,  Member  of  Council  1913-1917, 
to  comtncmoraie  the  Centenary  on  12lh  July  1907  of  the  birth  of  his 
Fatlier,  tlie  late  Mr.  Tliomas  Hawksley,  F.R.S.,  President  1876-1877 
(died  23  Sept.  1§93).) 

Capital—  £     s.    d.        £     s.    d. 

£1,300  Southend  Waterworks  Co.  4%  Perpetual 

Debenture  Stock    ....     nominal  value  1 ,  300    0    0 
£100  Lowestoft  Water  and  Gas  Co.  4%  Debenture 

Stock nominal  value      700    0    0 

Accumulated  Interest  (invested) — 
£420  G.  W.  By.  4*%  Debenture  Stock      .      cost      499  14    6 

2,499  11    6 

Cash  Balance  from  1918 98  15  11 

Interest  received  in  1919 68  17    6 

Income  Tax  refunded  in  1919 28    8    8 

196    2    1 
Premium    awarded    to    Prof.    C.    A. 
Edwards,  D.Sc.,and  Mr.  F.W.WiUis,    £     s.    d. 

B.Sc 10    0    0 

Mr.  L.A.  Legros,  O.B.E.,  bronze  medal, 

etc 286 

12    8    6      183  13    7 


Total,  as  per  Balance  Sheet £2,683    8    1 

(For  Peclaration  of  Trust,  see  Proceedings  1915,  page  2^.) 
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SJK  JIUBKRT  JlADFJKLl)  PRIZE  FUND. 

{Prcscnkd,  l'J17,  by  Sir  liohcrt  A.  Ihuijlcld,  Burt.,  D.Sc,  D.MiL,  F.li.S., 
Vice-rrcsidcnt,  to  provide  (1917-1U21  inchisirc)  d  prize  or  prizes  for  the 
description  of  a  ticio  and  accurate  metJiod  of  dele7-7nining  the  hardness  of 

Metals.) 

£     s.  (7. 
Investment  £150  5%  War  Stock  1929-1947  (Bonds)        .        .     cost    142  10    0 

£     s.  d. 
Sale  of  £50  5%  War  Stock  1929  1917 4G  15     1 

Interest  received  in  1919 026 

Income  Tax  refunded  in  1919 3    0    0 

— 55  17     7 

198     7     7 

]1ebit  Balance  from  1918 026 

Award  to  Mr.  J.  Innes 700 

„       „  Mr.  A.  F.  Shore 20    0    0 

-  27     2    6 

Total,  as  per  Balance  ShooL  ....  £171     •'>     1 

(For  Conditions,  see  page  24.) 


T.  BERNARD  HALL  PRIZE  FUND. 

Presented,  1917,  by  Mr.  T.  Bernard  Hall,  Member,  for  the  provision  of  prizes 
for  original  comtnunications  dealing  with  invention,  design,  or  researcli 
in  Mechanical  Engineering,  presented  to  tlie  Institutio7i.) 

£     s.  d. 
Investment,  £500  5%  War  Stock  1929-1947  (transferable  by  Deed) 

no77iinal  value    500    0    0 

£    s.    d. 
Cash  Balance  from  1918 37  10    0 

Interest  received  in  1919 25    0    0 

62  10    0 

Total,  as  per  Balance  Sheet     .         .         .    '     .         .  £562  10    0 


(For  Conditions,  sec  page  26.) 
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Water  Arbitration  Prize. 
BeyulatioHs  fur  the  Seventh  Award,  to  he  made  in  February  1921. 

1.  The  Award  will  be  made  for  the  best  original  Paper 
dealing  with  any  of  the  following  subjects : — Methods  of  Purification 
of  Water  for  Domestic  or  Trade  Purposes,  or  Description  of 
Hydraulic  Machinery,  or  New  Investigations  in  Hydraulics,  or 
New  Developments  in  Distribution  of  Water  for  Town's  Supply  or 
Irrigation,  or  Advances  in  the  Utilization  of  Water  Power,  accepted 
by  the  Council  for  publication  with  or  without  discussion  in  The 
Institution  Proceedings  of  1919  and  1920,  provided  that  the  Paper 
be  of  sufficient  merit  in  the  judgment  of  the  Council. 

2.  Papers  should  be  sent  in  as  soon  as  possible,  but  not  later 
than  1st  April  1920. 

3.  Papers  should  be  illustrated  by  scale  drawings,  but  may  be 
accompanied  by  photographs,  Ian tei'n-slides,  and  specimens, 

4.  Any  Paper  not  accepted  for  printing  in  the  Proceedings 
will  be  returned  to  the  Author. 

5.  The  Pi'ize  will  have  the  value  of  about  £30,  and  will  be 
accompanied  by  a  Certificate  bearing  the  Seal  of  The  Institution. 


Bryan  Donkin  Fund. 
Fifth  Award,  to  he  made  in  February  1922. 

1.  The  Bryan  Donkin  Award,  consisting  of  the  interest  on 
the  sum  of  £360  6s.  6d.,  shall  be  made  triennially  (beginning  in 
February  1910)  by  the  Council,  as  a  grant  or  grants  in  aid  of 
original  research  in  Mechanical  Engineering. 

2.  Applications  for  grants  must  be  received  at  The  Institution 
on  or  before  31st  October  in  the  year  immediately  preceding 
the  year  of  the  next  Award.  Each  application  must  be  accompanied 
by  the  names  and  addresses  of  two  references  as  to  the  ability 
of  the  applicant  to  undertake  the  proposed  research,  and  must 
contain  a  concise  statement  as  to  the  nature  of  the  research  and 
the  sum  applied  for,  with  details  of  the  proposed  expenditure. 
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3.  All  appliaitions  received  in  accordiince  with  Cliiusc  2  shall 
1)6  considered  by  the  Council,  on  a  Report  from  the  Research 
Committee.  The  Council  shall  decide  as  to  the  allocjition  of  the 
sum  available,  and  if  it  is  considered  that  none  of  the  appliavnts 
is  deserving  of  a  grant,  or  if  the  grants  made  amount  to  less  than 
the  sum  available,  the  surplus  shall  be  devoted  to  aiding  any  of  the 
Researches  of  The  Institution,  and  shall  be  distributed  in  such 
proportions  as  the  Council  shall  decide. 

4.  The  full  amount  of  each  grant  made  by  the  Council  shall 
be  handed  over  to  the  applicixnt  at  his  request.  If  no  request  for 
payment  is  received  within  six  months  the  grant  shall  lapse. 

5.  Any  portion  of  a  grant  not  expended  by  31st  December 
in  each  year  shall  be  forthwith  returned  to  The  Institution,  urdess 
permission  in  writing  has  been  previously  received  from  The 
Institution  for  its  retention,  in  order  to  continue  the  research. 

6.  The  recipient  of  a  grant  shall  send  to  The  Institution  on 
eacli  1st  January  during  the  continuation  of  his  lesearch  a  Report 
of  his  progress,  with  particulars  of  tlie  expenditure  incurred, 
accompanied  as  far  as  possible  by  vouchers.  He  shall  also,  at  the 
request  of  the  Council,  send  to  The  Institution  a  statement  of  his 
experiments  and  the  results  obtained ;  and  the  Council  shall  be  at 
liberty  to  publish  the  same  in  the  Proceedings  of  The  Institution. 

7.  Any  recipient  of  a  grant -who  fails  to  fulfil  the  conditions 
in  Clause  6,  or  whose  Report  is  not  considered  satisfactory  by  the 
Council,  may  be  required  to  return  to  The  Institution  the  whole 
amount  granted  to  him. 


Sir   Robert   Hadfikld   Prize. 

For  a  new  Method  of  determining  the  Hardness  of  Metals. 

First  Aaarcl  ivas  made  in  January  1918. 

Conditions  of  Atcard. 

1.  Sir  Robert  A.    Hadfield,  D.Sc,    D.Met.,  F.R.S.,   placed  in 
January   1917   in   the    hands   of   The   Institution   of   Mechanical 
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Engineers  the  sum  of  £200,  which  with  any  incjome  therefrom  may 
be  awarded  at  the  discretion  of  the  Council  of  The  Institution  as  a 
Prize  or  as  Prizes,  for  the  description  of  a  new  and  accurate  method 
of  determining  the  hardness  of  metals,  especially  of  metals  of  a  high 
degree  of  hardness. 

2.  The  ordinary  tesCs  of  hardness,  such  as  are  described  in  the 
Report  of  the  Hardness  Tests  Research  Committee  (Proceedings 
of  The  Institution  of  Mechanicjil  Engineers,  1916,  pages  677  to  778), 
which  should  be  consulted  by  competitors,  fail  to  some  extent  when 
the  hardness  of  the  material  exceeds  about  600  to  800  Brinell. 
What  is  desired  is  the  description  of  a  research  for  or  an  investigation 
of  some  method  of  accurately  determining  hardness,  suitable  for 
application  in  metallurgical  work  in  cases  in  which  present  methods 
partially  fail. 

3.  The  Award  or  Awards  will  be  made  by  the  Council  of  The 
Institution  of  Mechanical  Engineers,  whose  decision  will  be  in  all 
cases  final. 

4.  The  Council  will  consider  annually  all  communiciitions 
received,  and  may  then  award  a  Prize  or  Prizes.  But  in  January 
1922  the  offer  of  Prizes  will  be  withdrawn,  and  any  unexpended 
balance  of  the  Prize  Fund  wiU  be  diverted  to  any  other  purposes  to 
be  determined  at  the  discretion  of  the  Council. 

5.  The  Council  may  award  the  whole  or  any  part  of  the  sum 
available  at  any  time  if  a  communication  is  received  which,  in 
their  opinion,  is  of  sufficient  originality  and  importance  and 
satisfies  the  object  aimed  at ;  or  they  may  from  time  to  time  award 
portions  of  the  Fund,  not  exceeding  in  all  £75  in  any  one  year,  for 
communications  which  do  not  completely  solve  the  problem,  but 
which  appear  to  advance  the  knowledge  of  methods  of  testing 
hardness.  The  Institution  will  probably  be  willing  and  reserve  the 
right  to  publish  in  its  Journal  any  communications  for  which  a  prize 
is  awarded. 

6.  A  communication  should  be  accompanied  by  scale  drawing 
of  any  new  apparatus  described,  or  by  a  model  or  an  example  of 
the  apparatus  itself.  If  the  communication  describes  a  new 
invention,  likely  to  be  of  commercial  value,  it  is  desirable  that 
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provisional    protection    should   have   boon    obtiiined    beforo    it    is 
siibmittt^il  for  consideration. 

7.  Coinniunicatious  should  be  addressed  to  The  Secretary,  The 
Institution  of  Mechanical  Engineers,  11  Great  Geoi-go  Street, 
Westminster,  London,  S.W.  l,and  marked  "  Method  of  determining 
Hardness,"  and  should  reach  him  at  least  one  month  before  the 
1st  January  in  any  year. 


T.  Bernard  Hall  Pkizes. 
Second  Aiaird,  to  he  made  in  February  1()2'J. 

Conditions  of  Award. 

A  sum  of  Five  Hundred  Pounds  having  been  ofiered  by  Mr. 
T.  Bernard  Hall  (Member)  for  the  provision  of  prizes  for  original 
Communications  dealing  with  invention,  design,  or  i-eseai'ch  in 
Mechanicid  Engineering  presented  to  The  Institution,  the  Council 
hereby  give  notice  : — 

1.  A  medal  prize  or  prizes  of  an  aggregate  value  not  exceeding 
two  years'  net  income  of  the  Trust  Fund  may  be  awarded  every 
second  year  to  the  Author  or  Authors  of  any  original  Communication 
or  Communications  dealing  with  invention,  design,  or  research 
in  Mechanical  Engineering,  published  in  the  Proceedings  of  The 
Institution  during  the  preceding  two  years,  and  which  in  the 
opinion  of  the  Council  shall  be  of  sufficient  merit. 

2.  The  award  or  awards  will  be  made  by  the  Council  of  The 
Institution  of  Mechanical  Engineers,  whose  decisions  will  be  final 
in  all  cases. 

3.  Should  the  value  of  the  awards  made  at  the  end  of  any 
biennial  period  be  less  than  the  income  for  the  period,  the  balance 
may  be  added  to  the  capital  of  the  Fund  or  may  be  used  for 
assisting  researches  at  the  discretion  of  the  Council. 
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LIST  OP  ADDITIONS  TO  THE  LIBRARY. 


BOOKS,  seep.  27. 

OFFICIAL  PUBLICATIONS,  seep.  29. 

PAMPHLETS,  seep.  32. 

DIRECTORIES,  ANNUALS,  do.,  seep.  35. 

CALENDARS  and  COLLEGE  REPORTS,  see  p.  35. 

PHOTOGRAPHS,  see  p.  36. 

PUBLICATIONS  OF  SOCIETIES,  dc,  seep.  36. 

PERIODICALS,  seep.  41. 


BOOKS  {in  order  received). 

Cast  Iron  in  the  Light  of  Recent  Research  (2nd  ed.),  by  \V.  H.  Hatfield, 
D.Met. 

The  Physiology  of  Industrial  Organization  and  the  Re-employment  of  the 
Disabled,  by  Professor  Jules  Amar,  translated  by  Bernard  IMiall,  edited 
by  Professor  A.  F.  Stanley  Kent,  D.Sc. 

Memorandum  on  the  Industrial  Situation  after  the  War  (revised  'ed.) — The 
Garton  Foundation ;  from  the  publishers. 

Standard  Tables  and  Equations  in  Radio-Telegraphy,  by  B.  Hoylc,  M.Sc. ; 
from  the  publishers. 

The  Production  and  Treatment  of  Vegetable  Oils,  by  T.  W.  Chalmers. 

Petroleum  Refining,  by  A.  Campbell. 

A  Handbook  of  Briquetting,  Vol.  I,  by  G.  Franke. 

An  Experimental  Inquiry  concerning  the  relative  power  of  and  useful  effect 
produced  by  the  Cornish  and  Boulton  and  Watt  Pumping  Engines  and 
Cylindrical  and  Waggon-head  Boilers,  by  T.  Wicksteed  (1841) ;  Fairbank's 
Patent  Weighing  Machine :  Plates,  circa  1837 ;  Fires,  Fire  Engines  and 
Fire  Brigades,  by  C.  F.  T.  Young  (1866);  A  Treatise  on  the  Principal 
Mathematical  Instruments  (2nd  ed.),  by  F.  W.  Sims  (1836) ;  A  Treatise 
on  the  Strength  of  Timber,  Cast  Iron,  Malleable  Iron,  and  other 
Materials,  by  P.  Barlow,  F.R.S.  (1837) ;  from  Mr.  Godfrey  Elliott. 

The  Sperry  Gyro-Compass,  by  A.  E.  Gott;  from  the  publishers. 

Railway  Reorganization,  by  a  Railway  Officer ;  from  the  publishers. 

Text  Book  on  Motor  Car  Engineering,  Vol.  II :  Design,  by  A.  G.  Clark ;  from 
the  author. 

A  Manual  of  Machine  Design,  by  Frank  Castle  ;  from  the  author. 

Stress-Deflection  Chart  for  Aluminium  Strand  ;  from  the  British  Aluminium 
Co. 


28  ANNUAL    IlErOUT    FOR    1019, 

Elements  of  Cliaphic  dynamics:  An  Elementary  Text  Book  for  Students  ot 

l^Iochanics  and  Engineering,  by  E.  S.  Andrews ;  from  the  publishorii. 
The  Permanent  Way  Handbook,  by  S.  C.  Clayton;  from  the  publishers. 
Automobile  and  Aero  Engines :  A  Handbook  for  Students,  Draughtsmen,  and 

Designers,  by  Rene  Dcvillers,  with  a  preface  by  Ch.  Faroux ;  translated 

by  W.  J.  Walker;  from  the  publishers. 
Hot- Water  Supply:    A  Practical   Treatise  upon   the   Fitting   of   Ilot-Watcr 

Apparatus  for  Domestic  and   General  Purposes  (6th  cd.),  by  F.  Dye ; 

from  the  publishers. 
The  Iron  and  Steel  Industry  of  the  United  Kingdom  under  War  Conditions  : 

A  Record  of  the  Work  of  the  Iron  and  Steel  Production  Department  of 

the   ^Ministry  of   Munitions,   by   F.  H.  Hatch,   Ph.D. ;    from   Sir   John 

Hunter,  K.B.E. 
Pocket-Book  of  Useful  Formulie  and  Memoranda  for  Civil,  Mechanical  and 

Electrical  Engineers  (28th  od.),  by  Sir  Guilford  L.  Molesworth,  K.C.I.E., 

and   H.   B.   ]\Iolesworth,   with    an    Electrical    Supplement    by   W.   H. 

Molesworth  ;  from  the  publishers. 
Engineering  Machine  Tools  and  Processes,  by  A.  G.  Robson ;  from  the  author 

and  publishers. 
Engineering    Workshop     Principles     and     Practice,    with     Notes    on     the 

Manufacture  and  Properties  of  IMetals :  A  Text  Book  for  Students  and 

Apprentices,  by  A.  G.  Robson;  from  the  author. 
A   British   Engineering   Shop   during   the  War:   Illustrations   showing   the 

works    of    Messrs.   Mirrlees,   Bickerton   and    Day,   Ltd.,   Hazel   Grove, 

Stockport ;  from  Mr.  Charles  Day. 
The  Manufacture  of  Carbide  of  Calcium,  by  Charles  Bingham. 
Practical  Shell  Forging  and  the  Plastic  Deformation  of  Steel  and  its  Heat 

Treatment,  by  C.  0.  Bower. 
Factory  Administration  and  Accounts  :  a  Book  of  Reference  with  Tables  and 

Specimen  Forms  for  IManagers,  Engineers   and  Accountants,  by  E.  T. 

Elbourne  ;   with  contributions  on   the  General   Problem   of   Industrial 

Works    Design,    by    A.    Home-Morton ;    and    Financial    Accounts,    by 

J.  Maughfling. 
Forests  of  British  Columbia,  by  H.  N.  Whitford  and  R.  D,  Craig ;  from  the 

Commission  on  Conservation,  Canada. 
The    Thermionic    Valve    and    its    Developments    in    Radiotelegraphy    and 

Telephony,    by    Professor    J.    A.    Fleming,    D.Sc,    F.R.S. ;    from    the 

publishers. 
A  Diving  Manual  and  Handbook   of  Submarine  Appliances,  compiled  by 

R.  H.  Davis  ;  from  the  compiler. 
The  Costing  Problem,  by  E,  T,  Elbourne;  from  the  author. 
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Mefisiiration  for  Marine  and  Mechanical  Engineers,  by  J.  W.  Angles;  from 

the  publishers. 
Decimal    Tables,    by    Sir    Guilford    L.    Molesworth,    K.C.I.E,;     from    the 

publishera. 
Powdered  Coal  as  a  Fuel,  by  C.  F.  Ilerington. 
Boiler  Chemistry  and  Feed  Water  Supplies,  by  J.  H.  Paul. 
Mining  Engineers'   Handbook,  written  by  a  staff   of   specialists  under  the 

editorship  of  Professor  Robert  Peele. 
Steel  Works  Analysis  (4th  ed.),,by  J.  0.  Arnold  and  F.  Ibbotson. 
Vacuum  Cleaning  Systems :   A  Treatise  on   the   Principles  and  Practice  of 

Mechanical  Cleaning,  by  M.  S.  Cooley. 
Elements  of  Vector  Algebra,  by  L.  Silberstein,  Ph.D. ;  from  the  publishers. 
Alternating  Current  Work,  by  A.  Shore ;  from  the  publishers. 
Telephony  without  Wires,  by  P.  R.  Coursey ;  from  the  publishers. 
Aeroplane  Structures,  by  A.  J.  S.  Pippard,  M.B.E.,  and  J.  L.  Pritchard. 
Principles  of  Electric  Spark  Ignition  in  Internal  Combustion  Engines,  by 

J.  D.  Morgan. 
Text-Book  on  Wireless  Telegraphy  (2  vols.),  by  Rupert  Stanley. 
Irrigation  Engineering  (7th  ed.),  by  A.  P.  Davis,  D.Sc,  and  H.  M.  Wilsou. 
Handbook  of  Modern  Aeronautics,  by  A.  W.  Judge. 
Efficient  Boiler  Management,  by  C.  F.  Wade ;  from  the  publishers. 
Fuel,  Water  and  Gas  Analysis  (2nd  ed.),  by  J.   B.  C.  Kershaw;    from  the 

publishers, 
^lalleable  Cast  Iron  (2nd  ed.),  by  S.  J.  Parsons ;  from  the  pul)lishers. 


OFFICIAL  PUBLICATIONS. 
British  Islea, 

Board  of  Trade  Reports  on  Boiler  Explosions  ;  from  the  Board  of  Trade. 

Directory  of  Joint  Standing  Industrial  Councils ;  Interim  Industrial 
Reconstruction  Committees  and  Trade  Boards  \vith  Index  of  Mem1)ers, 
January  and  April  1919;  Reports  for  the  year  1918  on  the  Science 
Museum,  and  on  the  Geological  Survey  and  the  Museum  of  Practical 
Geology ;  Report  of  the  Board  of  Education  for  the  year  1917-1918 ; 
Catalogue  of  the  Mechanical  Engineering  Collection  in  the  Science 
Museum,  Part  I,  and  Supplement  to  Part  I;  from  the  Board  of 
Education. 

British  Meteorological  and  Magnetic  Year  Book,  1916,  Part  III,  Section  2. 
Geophysical  Journal,  1916;  British  Meteorological  and  Magnetic  Year 
Book,  1915,  Part  IV,  Hourly  Values  from  Autographic  Records:  1915 
(istUcd    Feb.    1919);     The    Characteristics   of    the    Free    Atmosphere; 
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Professional  Notes,  Nos.  1-7;  Soutliport  Auxiliary  Obseivatoiy,  Annual 
Report,  1918  ;  from  the  Meteorological  Otiice. 

"  !^Iunitions  Inventions  Department,"  Variation  of  Atmospheric  Conditions 
with  Altitude;  Journal,  Nos.  1,  Dec.  VMO  to  No.  13,  Dec.  1917,  No.  14, 
.Ian.  1918  to  No.  25,  Dec.  1918. ;  from  the  Ministry  of  IMunitions. 

Illustrated  Official  Journal  (Patents) ;  from  H.M.  Patent  Office. 

Review  of  the  Foreign  Press  (Technical  Supplement) ;  from  the  War  Office. 

Food  Investigation  Board ;  On  the  Design  of  Railway  Wagons  for  the 
Carriage  of  I'crishablo  Foods,  Special  Report  No.  1 ;  Pulverised  Coal 
Systems  in  America,  by  L.  C.  Harvey,  Special  Report  No.  1 ;  Food 
Investigation  Board — The  Literature  of  Refrigeration,  Special  Report 
No.  2 ;  Report  of  the  Food  Investigation  Board  for  the  year  1918 ;  Report 
of  the  Committee  of  the  Privy  Council  for  Scientific  and  Industrial 
Research  for  the  year  1018  1'.) ;  from  the  Scientific  and  Industrial 
Research  Department. 

War  Office  Weekly  Casualty  List,  Nos.  75  to  83. 

Liverpool  ^lunitions  of  War  Committee  :  Record  of  Work  1915-18 ;  from  tlie 
Committee. 

Africa, 

Twenty-sixth  Annual  Report  of  the  Rhodesia  Chamber  of  Mines,  1918 ;  from 

the  Rhodesia  Chamber  of  Mines. 
Report    of    Mr.   William    Mitchell    Acworth,    Commissioner    appointed    to 

inquire  into  Railway  Questions  in  Southern  Rhodesia  (from  the  Railway 

Commission   Committee) ;    Annual  Report,   Department   of   !Mines  and 

Industries,  Union  of  Soiith  Africa,  31st  December  1918  ;  from  the  Union 

of  South  Africa. 
Municipal  Council  of  Johannesburg — Annual  Report  of  the  Town  Engineer 

for  the  year  ended  30th  June  1918 ;  from  Mr.  G.  S.  Burt  Andrews. 
Fourteenth  Annual  Report  of  the  Rand  Water  Board  for  the  Financial  Year 

ended  Slst  March  1919 ;  from  Mr.  William  Ingham  (Johannesburg). 

Australia. 

Australian  Official  Journal  of  Patents  ;  from  the  Department  of  Patents  of 
the  Commonwealth  of  Australia. 

Report  of  the  Department  of  Public  Works  for  the  year  ended  80th  June  1918 ; 
Annual  Report  of  the  Department  of  Klines,  New  South  Wales,  for  the 
years  1916,  1917  and  1918;  The  Official  Year  Book  of  New  South  Wales, 
1917 ;  Mineral  Resources,  No.  25  (Geological  Survey) ;  Report  of  the 
Commissioners,  New  South  Wales  Government  Railways  and  Tramways, 
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for  the  year  ended  30th  June  1919  ;  from  the  Government  of  New  South 

Wales. 
Port  of  Sydney — Official  Handbook,  1913 ;  from  the  Sydney  Harbour  Trust 

Commissioners. 
Annual  Keport  of  the  Under-Secretary  for  Mines  for  the  year  1918 ;  Mining 

Journal ;  from  the  Government  of  Queensland. 
Report    of   the   Engineer-in-Chief   for  1917-18;    from    the   Government  of 

Tasmania. 
Report  on  the  working  of  the  Governmeut  Railways  and  Tramways  for  the 

years  ended    30th  June    1917   aud   30th    Jime    1918;    Report    of    the 

Department  of  Mines  for  the  years  1916  and  1917 ;  Geological  Survey 

Bulletins  ;  from  the  Government  of  Western  Australia. 
Annual  Report  of  the  Chief  Inspector  of   ^Machinery  and  Chairman  of   the 

Board  of  Examiners  for  Engine-drivers  for  the  year  ended  31st   Dec. 

1917,  with  Statistics  ;  from  the  Department  of  ]\Iines,  Western  Australia. 

Canada. 
Twenty-seventh  Annual  Report  of  the  Ontario  Bureau  of  Mines,  1918,  Vol. 
XXVII  and  Vol.  XXVIII,  Part  II ;  also  various  Bulletins,  Memoirs  and 
Reports  of  the  Department  of  Mines,  Ottawa ;  from  the  Government  of 
Canada. 

China. 

List  of  the  Chinese  Lighthouses,  Light-Vessels,  Buoys  and  Beacons,  1910; 
from  the  Inspector-General  of  Chinese  Customs. 

India. 

Classified  List  of  Establishment,  Indian  Public  Works  Department,  to  31st 
December  1918  and  30th  June  1919;  Classified  List  of  State  Railways, 
to  31st  December  1918  and  30th  June  1919 ;  from  the  Registrar. 
Railways  in  India :   Administration  Report   for  the   year  1917-18  (Vol.   I, 

Report ;  Vol.  II,  Appendices) ;  Preliminary  Report  on  the  Water  Power 

Resources   of  India ;   Technical   Papers,  Nos.  193-198 ;   from  the  Chief 

Engineer  with  the  Railway  Board. 
Records  of  the  Survey  of  India,  Vol.  XII :  Notes  on  Survey  of  India  IMaps 

and  the  Modern  Development  of  Indian  Cartography,  by  Lt.-Col.  W.  M. 

Coldstream,  R.E. ;  from  the  Surveyor  General  of  India. 
Annual  Reports  of  the  Bengal  Smoke-Nuisances  for  the  years  1917-18  and 

1918-19. 

Italy, 
Annali    Minister©  del    Lavori  Pubblici,   Consiglio    Superiore    delle    Acque 
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Pubbliche,   Anno   VM9,    Fascicolo   1^;    from   tlic   Ministoro   del    Lavorl 
Tubblici,  lloma. 

New  Zealand, 

Journal  of  Science  and  Technology;  from  the  Board  of  Science  and  Art, 
Chairman's  Address,  Treasurer's  Statement  of  Accounts  and  other  Statistics  of 
the  Gisborne  Harbour  Board,  Gisborne,  for  tlie  year  ended  Slat  December 
1918;   from   Mr.   John   A.   McDonald   (Engineer  and   Secretary  of   the 
Board). 

United  States. 

Thirteenth  Annual  Report  of  the  Board  of  Water  Supply  of  the  City  of  New 
York,  31st  December  1918;  from  the  Board  of  Water  Supply. 

Bureau  of  Standards,  Bulletins  and  Scientific  Paper,  No.  272 ;  from  the 
Department  of  Commerce. 

Official  Gazette  ;  from  the  United  States  Patent  Office. 


PAMPHLETS. 
Baldwin  Locomotive  Works :   Records  of  Recent  Construction,  Nos.  92,  93, 

and  94. 
The  Sudd  Region  of  the  White  Nile  and  the  Harnessing  of  its  Waters,  by 

Sir  William  Willcocks,  K.C.M.G.,  and  John  Wells;    from  Sir  William 

Willcocks,  K.C.]\I.G. 
Defective  Oxy-Acetylene  Welds,  by  Capt.  D.  Richardson,  R.A.F. ;  Impurities 

in    Acetylene,   by   Charles    Bingham;    The    Oxy-Acotylene   Flame  and 

Blowpipe  Efficiency,  by  Arthur  Stephenson ;  from  The  British  Acetylene 

and  Welding  Association. 
The  Weights  and  Measures  of  Latin  America,  by  P.  A.  Halsey;  Report  of 

Committee  on  Weights  and  Measures ;  from  Mr.  F.  A.  Halsey. 
An  Appeal  for  the  Liberation  and  Union  of  the  Hellenic  Race,  by  Wm.  Pember 

Reeves  ;  from  the  author. 
Fuel  Blending :  the  Sandwich  System,  by  E.  W.  L.  Nicol ;  from  the  London 

Coke  Committee. 
The   Training   c5f   Apprentices   to   the   Engineering  and  Allied  Trades :    An 

address  to  the  Petter  Engineering  Society,  by  H.  W.  Ridsdale ;  from  the 

author. 
Loads  on  Highway  Bridges  :  Report  of  Joint  Committee;  from  ilessrs.  E.  and 

F.  N.  Spon,  Ltd. 
The  Crucial  Question  of  Patents,  by  Sir  Robt.  Hadfield,  Bart.,  F.R.S. ;  from 

the  author. 
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'  lur  Fuel  Resources  and  some  possible  Improvements  in  their  rtilization,  by 

Prof.  W.  11.  Watkinson,  ^I.Eng. ;  from  the  author. 
The  Sudd  Reservoir  or  Nature's  Provision  of  Perennial  Irrigation  and  Flood 

Protection  for  the  whole  of  the  Nile  Valley  :  A  Lecture  at  the  Institute  of 

Egypt,  Cairo,  by  Sir  \Ym.  Willcocks,  K.C.M.G. ;  from  the  author. 
The  Proposed  Norwich  and  Yarmouth  Ship  Canal,  by  W.  J.  Botterill ;  from 

the  author. 
Industrial  Reconstruction  and   the  Metric  System,  by  H,  Allcock;  from  the 

author. 
Comments  by  Sir  Robert  Hadficld  on  the  Union  of  Technical  Men,  Berlin 

Statement  on  the  French  Steel  and   Iron   Masters'  Association,  by  F. 

Honorc ;  Statement  by  Herr  Krupp  on  Cooperation  and  Profit-Sharing  ; 

Statement  issued  by  Fried.  Krupp,  Essen,  Germany ;  from  Sir  Robert  A. 

Hadfield,  Bart.,  D.Sc,  D.Met.,  F.R.S. 
Notes  on   Chemical   Standards    and    their    bearing  on   the   Unification   of 

Analysis,  by  C.  H.  Ridsdale  and  N.  D.  Ridsdale  ;  from  the  authors. 
On  the  Design  of  Railway  Wagons  for  the  Carriage  of  Perishable  Goods  ;  from 

H.:M.  Stationery  Office. 
Education  :  Secondary  and  University  ;  A  Report  of  Conferences  between  the 

Council  for  Humanistic  Studies  and  the  Conjoint  Board  of  Scientific 

Societies,  by  Sir  Frederick  G.  Kenyon,  K.C.B. ;  from  the  author. 
Second  Report  of  the  Water-Power   Committee   of  the   Conjoint   Board  of 

Scientific  Societies;  from  the  Conjoint  Board. 
The  Aftermath  of  the  War  :  Economic  and  Industrial  Problems;  Industrial 

Economics   During  and'  After  the  War;    from  the  author,   I^fr.  P.  W. 

Lanchester. 
Some  Notes  on  the   Development   of  the    ^Manufacture   of   Steel   Castings 

(Parts  I  and  II),  by  E.  F.  Lang;  from  the  author. 
An  Essay  on  the  Construction  of  the  Five  Architectural  Sections  of  Cast  Iron 

Beams  generally  employed  as  Girders,  Bressummers,  etc.,  by  W.  Turnbull. 

18.33  ;  from  Mr.  Henry  Adams. 
National  Defence  v.  Channel  Tunnel,  by  Admiral  Sir  Algernon  do  Horsey, 

K.C.B. ;  from  the  author. 
Memorandum  on  the  World's  Output  of  Iron  and  Steel  in  1918  ;  from  ]\Ir.  W. 

'     T.  Layton. 
Notes  on  the  Manufacture  of  Drop  Forgings,  by  Arthur  Stubbs  ;  from  the 

author. 
The  Nile  Projects,  by  Sir  William  Willcocks,  K.C.M.G. ;  from  the  author. 
Higher  Commercial  Education  ;  from  Mr,  H.  J.  Deane, 
Report  on  the  Condition  of  Textile  Induatries  in   the  Invaded  Di&tricts  of 

France ;  from  Sir,  A.  N.  Wilson. 
Modern  Fans,  Blower.i  and  Boosters,  by  Jamci  Keith  ;  from  the  author. 

u 
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Jig  ami  Tool  Design,  by  (\,  11.  Hey  ;  fiom  the  author. 

Visit  to  Loudoa  by  luvitation  of  Sir  Robert  Itadfiekl,  13t.,  P.R.S.,  of  various 

members  of   tho   Firm  of   ^Messrs.   lladficlil,  Ltd.,  Sheffield;    from   Sir 

Robert  A.  Iladficld,  Bt.,  F.R.S. 
^Mechanical  Handling  Devices  in  British  Munition  Works,  by  G.  F.  Zimmer 

(reprinted  from  "Industrial  Management,"  New  York) ;  from  the  author. 
Imperial  Education  Conference  convened  by  the  Chief  of  tlie  Imperial  General 

Staff,  June  11  and  12,  1919 ;  from  tho  War  Office. 
Import  Duties  and  tho  Engineering  Industry,  by  D.  A.Bremner,  O.B.E.;  from 

the  author. 
Hammer  Drills :  their  History,  Design  and  Operation  (with  photographs  of 

slides),  by  H.  S.  Potter ;  from  the  author. 
On  the  Rapid  Seasoning  of  Jar  rah,  by  Alfred  Tomlinson ;  from  the  author. 
Notes  on  Magnetism  for  the  Use  of  Students  of  Electrical  Engineering,  by 

C.  G.  Lamb ;  from  the  publishers. 
The  Industrial  Council  for  the  Building  Industry :  the  Story  of  a  Revolution 

in  Industrial  Development,  together  with   the  full  text  of  tho  Foster 

Report  on  Organized  Public  Service  in  the  Building  Industry,  idsued  by 

the  Garton  Foundation  ;  from  the  publishers. 
Some  Features  and  Requirements  of  the  Industrial  Situation,  by  D.  A. 

Bremner ;  from  tho  author. 
Transport :  the  Key-Industry  of  the  Country ;  How  to  Improve  London's 

Transport ;  Improvements  in  tho  Transport  and  Distribution  of  Goods  in 

London ;  How  to  cheapen  Transport ;  The  Great  Transport  Problem  in 

its  Relation  to  Labour  Unrest ;  The  Economies  and  Advantages  to  be 

obtained  by  the  Institution  of  Goods  Clearing  Houses  suitably  designed 

and  adequately  equipped  and  ai)proached ;   A   Plea  for  more  Light  on 

Railway  Administration;  from  the  author,  jMr.  A.  W.  Gattie. 
Plant   used   in   the   Percussion   Systems   of   Drilling   Oil   ^Yells,   by   M.   A. 

Ockenden  and  Ashley  Carter  ;  from  the  authors. 
A  Suggestion  for  the  Simplification  of  Screw  Thread  Standards.  (Typescript) ; 

from  the  Greenfield  Tap  and  Die  Corporation,  Greenfield,  Mass. 
^Memorandum  on  Combines  and  Trade  Organizations  in  the  United  Kingdom, 

prepared    for    the    Committee    on    Trusts,    by    John    Hilton    (Garton 

Foundation) ;  from  tho  publishers. 
Early  Days  of  Engineering  in  Glasgow,  by  Robert  Harvey ;  from  the  author. 
Cutlery :  Stainless  and  Otherwise,  by  Dr.  W.  H.  Hatfield ;  from  the  author. 
A  Survey  of  the  Rise  and  Progress  of  the  Sugar-Caue  Industry,  by  R.  Harvey  ; 

from  the  author. 
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DIRECTORIES,  ANNUALS,  REFERENCE  INDEXES,  dtc. 

British    Engineers'    Association,    Official   Directory,   1918  1910;    from    the 

Association. 
Directory  of  Directors,  1919. 
The  Empire  Municipal  Directory  and  Year-Book,  1919-20  (37th  annual  issue) ; 

from  the  publishers. 
The  Engineering  Index  Annual  for  1918,  and  monthly  issues  for  Jan.,  Feb., 

and  Mar.  1919 ;  from  the  publishers. 
The  Engineer's  Year-book,  1919,  by  H.  R.  Kempe  ;  from  the  proprietors. 
Fowler's  ^Mechanics'  and  Machinists'  Pocket  Book,  1919,  edited  by  William  H. 

Fowler  ;  from  the  editor. 
Kelly's  Post  Office  London  Directory,  1920. 
Lloyd's  Register  of  Shipping — Report  of  the  Society's  Operations  during  the 

year  1918-1919. 
London  Master  Builders'  Association,  Handbook  and  Diary,  1919. 
Naval  Annual  (Brassey's),  1919. 

Official  Year-book  of  the  Scientific  and  Learned  Societies,  1918. 
Revue  de  L'Ingenieur  et  Index  Technique,  Bruxcllcs,  Vol.  XXV,  Nos.  1-4. 
Stock  Exchange  l^'ear  Book,  1919. 
Whitaker's  Almanack,  1920. 
Who's  Who,  1920. 


CALENDARS  AND  COLLEGE  REPORTS 
{from  the  respective  Autliorities). 

British  Isles. 

University  of  Birmingham  ;  Calendar,  1918-19. 

City  of  Bradford  Technical  College  ;  Calendar,  1919-20. 

Edinburgh  University  ;  Calendar,  1919-20. 

Glasgow  University ;  Calendar,  1919-20. 

University  of  Leeds  ;  Fourteenth  Report,  1917-18,  and  Calendar,  1919  20. 

University  of  Liverpool ;  Calendar,  1919-20. 

City  and  Guilds  of  London  Institute  ;  "  The  Central." 

Imperial  College  of  Science  and  Technology ;  Calendar,  1919-20. 

King's  College,  Calendar,  1919-20. 

University  College,  London,  Calendar,  1919-20. 

Victoria  University  of  Manchester ;  Calendar,  1919-20. 

D  2 
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Africa. 

,    University  of  Cape  To^Yn,  Engineering  and  Scientific  Society,  Jonrnal. 

I 

Australia, 

South  Australifin  Scliool  of  ^^linca  and  Imlustiics  Annual  Report,  I'JiS. 
UuiviTsity  of  Ailclaidc,  Calendar,  I'JlS. 

China, 

University  of  Hongkong ;  Calendar,  lOlS  10,  RegulalionR  for  Ibo  Senior  and 
Junior  Local  I'^xaniinatious  and  fur  the  Matricnlation  I'lxaniinations, 
Description  of  the  University. 

Japan. 

Imperial  University  of  Kyushu ;  Vol.  I,  Nos.  4  and  .0. 
Imperial  University  of  Tuhoku ;  Science  Reports. 

United  States. 

Cornell  University  ;  Librarian's  Report,  1917  IS. 
♦University  of  Illinois,  Urbana;  Bulletin. 
Worcester  Polytechnic  Institute;  Catalogue,  1918  I'J. 

rnOTOORAPITS,  (Cc. 

Framed  photographic  reproduction  of  the  Form  of  Ceremony  for  oponinrf 
Chepstow  Bridge,  on  Wednesday,  yith  July  ISIG  ;  Newspaper  Cutting  re 
Rastricks  of  Rastrick,  and  framed  photograph  of  oil  painting  of  John 
Rastrick  of  IMorpeth  (1738-1820) ;  from  IMr.  Arthur  Lee. 


PERIODICAL  PUBLICATIONS  OF  SOCIETIES,  dc. 
{Tliose  marked  *  are  hound  fw  preservation  in  the  Library.) 
British  Isles. 
Aeronautical  Journal. 

♦Automobile  Engineers,  Institution  of ;  Proceodings. 
Birmingham  Metallurgical  Society;  Journal. 
♦British  Association  for  the  Advancement  of  Science ;  Report. 
British  Engineering  Standards  Association;  Thirteenth   Report  on  Work 
Accomplished,  1st  Aug.  1917  to  31st  March  1919  ;  and  Reports  7,  47,  81, 
86,  89,  90,  103,  104,  c.r..  7270,  and  c.l.  7271. 
British  Engineers'  A.o.Bociation ;  Steel  Structural  Section;  Quarterly  Journal. 
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Britibb  Found rymou's  Associatiou;  Proceediugb. 

Chartered  Accouutants,  Institute  of ;  List  of  ]\Iombord,  I'JIO. 
•Chemical  Industry,  Society  of ;  Journal. 

Chemical  Society ;  List  of  OlTicers  and  Fellows,  1919. 

Chemistry  of  Great  Britain  and  Ireland,  Institute  of  ;  Proceedings. 
♦Civil  Engineers,  The  Institution  of;  Address  by  Sir  Jolin  A.  F.  Aspinall, 
President. 

Civil  Engineers  of  Ireland,  Institution  of ;  Transactions. 

Cleveland  Institution  of  Engineers,  Middlesbrough  ;  Proceedings. 

Conjoint  Board  of  Scientific  Societies ;  Keports. 
•Electrical  Engineers,  Institution  of ;  Journal. 
*Engineers-in-Charge,  The  Association  of ;  Proceedings. 
•Engineers,  Society  of  ;  Transactions. 
•Gas  Engineers,  Institution  of  ;  Transactions. 

Huddersfield  Engineering  Society;  Journal  of  Proceedings,  19th  Session, 

1917-1918, 
•Iron  and  Steel  Institute  ;  Journal. 
♦Junior  Institution  of  Engineers ;  Transactions. 

♦Literary  and  Philosophical  Society  of  Manchester  ;  Memoirs  and  Proceedings. 
♦Liverpool  Engineering  Society ;  Transactions. 

Manchester  Geological  and  ^Mining  Society ;  Transactions, 
♦^lanchcster  Association  of  Engineers  ;  Transactions. 
♦Manchester  Steam  Users'  Association ;   Blemoraudum  by  Chief  Engineer, 

1917-1918. 
•Marine  Engineers,  Institute  of;  Transactions. 
♦Metals,  Institute  of ;  Journal. 
♦Mining  Engineers,  Institution  of  ;  Transactions. 
♦Mining  and  Metallurgy,  Institution  of ;  Transactions. 
♦Municipal  and  County  Engineers,  Institution  of ;  Journal . 
♦Naval  Architects,  Institution  of ;  Transactions. 

♦North-East  Coast  Institution  of  Engineers  and  Shipbuilders,  Nowcastle-on 
Tyne;  Transactions, 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  Newcastlo- 
on-Tyne;  Transactions  and  Annual  Report,  1918-19, 
♦Patent  Agents,  Chartered  Institute  of;  Transactions. 

Permanent  Way  Institution  ;  Journal. 

Petroleum  Technologists,  Institution  of ;  Journal. 
♦Physical  Society  of  London ;  Proceedings. 

Post  Office  Electrical  Engineers ;  Journal. 

Radcliffe  Library,  Oxford  ;  Catalogue  of  Additions  during  1918 
•Royal  Agricultural  Society  of  England  ;  Journal, 
♦Royal  Artillery  Institution,  Wpolwicb;  Journal, 
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*Royal  Cornwall  Polytechnic  Society ;  Report. 

Royal  Dublin  Society;  Scientific  Proceedings. 
•Royal  Institute  of  British  Architects;  Journal, 
*Jloyal  Engineers'  Institute,  Professional  Papers. 
♦Royal  Institution  of  Great  Britain  ;  Proccediugs. 

Royal  Irish  Academy  ;  Proceedings. 

Royal  Microscopical  Society  ;  Journal. 
•Royal  Sanitary  Institute  ;  Journal. 
*Royal  Society  of  Arts;  Journal. 
•Royal  Society  of  Edinburgh  ;  Proceedings. 
•Royal  Society  of  London ;  Proceedings  (a),  Year-Book,  191'J,  and  Philosophical 

Transactions. 
•Royal  United  Service  Institution  ;  Journal. 
•Science  Abstracts — Physics  and  Electrical  Engineering. 
•South  Wales  Institute  of  Engineers,  Cardiff ;  Proccediugs. 
•Stafiordshire  Iron  and  Steel  Institute  ;  Proceedings. 
•Surveyors'  Institution ;  Transactions. 

Tramways  and  Light  Railways  Association ;  Journal. 
•Water  Engineers,  Institution  of ;  Transactions. 
•West  of  Scotland  Iron  and  Steel  Institute,  Glasgow  ;  Journal. 

Othej-  Countries  (alphabetical). 

Africa. 

•Chemical,  Metallurgical  and  Mining  Society  of  South  Africa,  Johannesburg ; 

Journal. 
•South  African  Institution  of  Engineers,  Johannesburg ;  Journal. 

Argentine  Republic. 

Institution  of  Engineers  of  the  River  Plate;  Minutes  of  Proceedings  and 
Yearly  Report,  1913-14. 

Australia. 

♦Australasian  Institute  of  Mining  Engineers  ;  Proceedings. 

♦Royal  Society  of  New  South  Wales ;  Journal. 

♦Victorian  Institute  of  Surveyors;  Transactions  and  Proceedings. 

Belgium. 

"Academic  Royale  de  Belgique;  Rapport  Succint  sur  I'utat  du  Palais  des 
Academies  apres  le  depart  des  AUcmands;  Classe  des  Sciences, 
Fondations  Academiques  ;  Classe  des  Sciences — Programme  des  Concours 
Annuels,  and  Bulletins. 
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•International  Railway  Congress,  Bulletin.     (English  T'idition.) 

*  Association  dcs  Ingenieurs  sortis  dcs  Kcolcs  spociales  do  Gand,  Auualcs. 
Association  des  Ingenieurs  sortis  des  Ecoles  de  Liege. 

Canada, 

Engineering  Institute  of  Canada  ;  Journal  and  Transactions. 
Nova  Scotian  Institute  of  Science ;  Proceedings  and  Transactions. 
Revue  Trimestrielle  Canadienne. 
♦Royal  Society  of  Canada,  Ottawa ;  Transactions  and  List  of  Members,  1918. 

China. 
*Engineeriug  Society  of  China,  Shanghai ;  Proceedings. 

FraTice, 

*Acad6mie  des  Sciences,  Paris  ;  Comptes  Rendus  des  S6ancos, 

*Annales  des  Mines,  Paris. 

*Annales  des  Ponts  et  Chauss^es,  Paris. 

*  Association  f  ran^aise  pour  TAvancement  des  Sciences ;  Conferences,  1917-18. 
Association  francjaise  du  Froid  ;  "  Le  Froid." 

Associations  de  Proprietaires  d'appareils  a  vapeur,  38th  Congress. 

Society  de  Chimie  Industrielle,  Paris  ;  "  Chimie  et  Industrie." 
*Societe  Industrielle  de  Mulhouse;  Bulletin. 

*Soci6t6  d'Encouragement  pour  I'lndustrie  Nationale,  Paris ;  Bulletin. 
*Societu  Industrielle  du  Nord  de  la  France  ;  Bulletin. 
•Soci6t6  des  Ingenieurs  Civils  de  France,  Paris ;    Bulletin 

Germany. 
*Stahl  und  Eisen,  Diisseldorf. 

*Verhandlungen  des  Vereins  zur  Beforderung  des  Gewcrbfleisscs,  Berlin. 
*Zeitschrift  des  Vereines  deutscher  Ingenieure,  Berlin. 

Holland. 
Koninklijk  Instituut  van  Ingenieures,  's-Gravenhage ;  Register,  1916-1917. 

India. 

♦Committee  of  the  Locomotive,  Carriage  and  Wagon  Superintendents  of 
Indian  Railways,  Madras ;  Proceedings. 

Italy, 

*Associazione  Elcttrotecnica  Italiana,  "  L'Elettrotecuica,"  Milan. 

Rivista  Tecnica  delle"  Ferrovie  Italiane,  Roma. 
♦Societadegli  Ingegnerie  degli  Architettiltaliani,  Roma;  Annalid'  Ingegneria, 


/ 
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Japan. 
Society  of  Mechanical  EugincGru,  Tokyo  ;  Journal, 

New  Zcalaiul. 
New  Kealainl  Society  of  Civil  Engineers,  WoUiugtoii ;  ProccoclingB. 

Norway. 

Norwogiau  Eugiucering  Society  ;  List  of  Members,  1918. 
Tckuisk  Ukeblad,  Christiania, 

Sweden, 
•Svcnska  Teknologforoningon,  Stockholm. 
Uuivcrsity  of  Upsala  ;  Geological  Institution  ;  Bulletin. 

United  States, 

*Amcrican    Institute    of    Electrical    Engineers,    Now    York ;     rrocccdiugs, 

Transactions,  and  Ycar-Book,  191'J, 
*Amcrican  Philosophical  Society,  Philadelphia;  Proceedings. 
*American  liailway  Master  Mechanics'  Association  ;  Proceedings. 
♦American     Society     of    Civil    Engineers,    New     York ;     Proceedings     and 

Transactions. 
♦American  Society  of  Mechanical  Engineers,  New  York  ;  Journal. 
♦American  Society  of  Naval  Engineers,  Washington  ;  Journal. 
♦American  Society  of  Refrigerating  Engineers,  New  York;  Journal. 

Cleveland  Engineering  Society ;  Journal, 
♦pjugineers'  Club,  Philadelphia  ;  Proceedings. 

♦Engineers'  Society  of  Western  Pennsylvania,  Pittsburgh;  Proceedings, 
♦Franklin  Institute,  Philadelphia  ;  Journal. 
♦Library  of    Congress,  Washington ;  Report,  1918. 

Library  of  Stone  and  Webster,  Boston ;  Journal. 
*Master  Car  Builders'  Association ;  Proceedings. 

Michigan  Technic. 

National  Academy  of  Sciences,  Washington ;  Proceedings. 
♦New  York  Railroad  Club ;  Ofificial  Proceedings. 
*St.  Louis  Railway  Club ;  Official  Proceedings. 

Ktevens'  Indicator. 
♦Traveling  Engineers'  Association  ;  Proceedings. 
♦United  States  Artillery,  Fort  Monroe  ;  Journal.  . 

♦Western  Society  of  Engineers,  CJiicago;  Jouriali 
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OTHER  PERIODICALS. 

{Tliose  marked  *  arc  hound  for  prescrvalion  in  the  Library.) 

British  Isles, 


AeronaulicB. 

Aeroplane. 

Arms  and  Explosives. 
♦Autocar. 

♦Automobile  Engineer. 
♦Auto-motor  Journal. 

Beama  Journal. 
♦Builder. 

Coal  and  Iron  and  By-Products 
Journal. 

Cold  Storage  and  Produce  Review. 
♦Colliery  Guardian. 
♦Commercial  Motor. 
♦Concrete    and     Constructional 
Engineering. 

Domestic  Engineering. 

Electrical    Industries    and 

Investments. 
♦Electrical  Review. 
♦Electrical  Times. 
♦Electrician. 
^Engineer. 

Engineer     and     Iron     Trades 

Advertiser. 
♦Engineering, 

♦Engineering  and  Industrial  Manage- 
ment. 
♦Engineering  Review. 

Ferro-Concrete. 

Fishing  Gazette. 
♦Plight. 

Foundry  Trade  Journal  and  Pattern- 

Maker. 
♦Gas  Journal. 

Gas  and  Oil  Power. 

Hardware  Trade  Journal. 

Ice  and  Cold  Storage. 

Illuminating  Engineer, 


Irish  Builder  and  Engineer. 
♦Iron  and  Coal  Trades  Review. 

Iron  and  Steel  Trades  Journal  and 
Iron  Trade  Circular. 

Ironmonger. 

Junior  Mechanics  and  Electricity. 

Kahncrete  Engineering, 

Locomotive  Magazine. 

London  and   China   Express,   with 
supplement. 

London  County  Council  Gazette. 

Machine-Tool  Review. 
♦Machinery. 
♦Marine  Engineer. 

Marine  Magazine. 
♦Mechanical  World. 
♦Mining  Journal. 

Model  Engineer  and  Electrician. 
♦Motor  Ship  and  Motor  Boat. 
♦Motor  Traction. 
♦Nature. 

Page's  Engineering  Weekly. 
♦Philosophical  Magazine  and  Journal 

of  Science. 
♦Practical  Engineer, 

Quarry. 
♦Railway  Gazette. 

Shipbuilder. 
♦Shipbuilding  and  Shipping  Record. 

South  African  Engineering. 
♦Steamship. 

Syren  and  Shipping  Illustrated. 
♦Textile  Recorder. 

Times     and    Engineering     Supple- 
ment. 

Tramway  and  Railway  World. 

Water. 

♦Wireless  World. 
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Other  Countries  (alphabotical). 

Belgium. 
*Jlovuo  Univcrscllc  dos  Jlincs. 

Ca7iada. 
Cauadiau  Machinery  and  Mauufacturing  News. 

Fra7ice, 

Bulletin  Technique  du  bureau  Veritas. 
*Gdnie  Civil. 
*Kcvue  gen6rale  des  Chemins  do  fcr. 

Clcnnawj. 

*l)iuglers  rolytechnisches  Journal. 
*Elcktrotechnischc  Zeitschrift. 
*Giesserei  Zeitung. 

Gliickauf. 
*Organ  fiir  die  Fortschrittc  dcs  Eisenbahnweseus. 

Holland, 
De  Ingenieur. 

Italy.  ' 

*Giornalc  del  Gonio  Civile. 

Hioitzcrland. 
*Schweizerische  Bauzcitung. 

United  States, 

•American  I\Iachinist.  Machinery. 

Blast  Furnace  and  Steel  Plant.  *Physical  Review. 
♦Brotherhood    of   Locomotive    Fire-         Popular  Mechanics  Magazine. 

men  and  Enginemcn's  Magazine.  Railway  and  Locomotive  Engincer- 

♦Electric  Railway  Journal.  ing. 

Electrical  Review.  *Railway  jNIechanical  Engineer. 

♦Electrical  World.  *Railway  Review. 

♦Engineering  News-Record.  *Scicntific    American    witli    Supple- 
♦Foundry.  nient. 

General  Electric  Review. 
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The  follomng  Duplicates  have  been  received  for  Loan  Purposes. 

American  Society  of  Mechanical  Engineers  ;  Journal. 

Electrical  Engineers,  Institution  of ;  Journal. 

Iron  and  Steel  Institute ;  Journal. 

Liverpool  Engineering  Society ;  Transactions,  Vol.  XXXIX. 

Manchester  Association  of  Engineers ;  Transactions. 

Metals,  Institute  of ;  Journal. 

I\Iiniug  and  Metallurgy,  Institution  of ;  Bulletin. 

North-East  Coast  Institution  of  Engineers  and  Shipbuilders ;  Transactions, 

Vol.  XXXIV. 
South  Wales  Institute  of  Engineers ;  Proceedings. 


3as.  19:0.  45 


Sbljc  Inslitiitioit  of  Itlrcljaniful  ^iigtiuers. 


rROCEEDlNGS 


January  1920. 


An  Ordtkaey  General  Meeting  was  held  at  The  Institution, 
London,  on  Fi-iday,  23rd  January  1920,  at  Six  o'clock  p.m.; 
Mark  II,  Robinson,  Esq.,  Vice-President,  in  the  Chair. 

The  Minutes  of  the  previous  IVIeeting  were  read  and  conCrmod. 

The  Chairman  announced  that,  in  accordance  with  Article  23, 
the  President,  two  Vice-Presidents,  and  seven  Members  of  Council 
would  retire  at  the  ensuing  Annual  General  Meeting ;  and  the 
complete  list  of  those  retiring  was  as  follows : — 

President. 
Edward  Hopkin.son,  D.Sc,  M.P.,   .  .  .  Manchester. 

Vice-Presidents. 

Sir  Robert  A.  Hadfield,  Bart.,  F.R.S.,  .  Sheffield. 

*The  Right  Hon.  Lord  Weir,  P.C,  D.Sc,  .  Glasgow. 


*  Appointed  during  the  year. 
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COUNCIL   RETIRING    LIST. 


Jan.  1920 


Members  of  Council. 

H.  S.  IlELE-SiiAW,  LL.D.,  D.Sc,  F.R.S., 
♦Christopher  W.  James, 

15(fWMAN  Malcolm, 

Donald  B.  Morison,     . 

Sir  Vincent  L.  Raven,  K.B.E., 
*  David  E.  IIoberts, 

The  Right  Hon.  Lord  Weir,  P.C.,D.Sc., 


London. 

London. 

iielfast. 

Hartlepool. 

Darlington. 

Cardifl'. 

Glasgow. 


The  following  were  then  nominated  by  the  Council  for  election, 
with  their  consent : — 


For  President. 
Cnptain  K.  Riall  Sankey,  C.B.,  R.E.,  ret.. 


London. 


For  Vice-Presidents. 

Sir  Robert  A.  Hadpield,  Bart.,  F.R.S.,  .  Sheffield. 

The  Right  Hon.  Lord  Weir,  P.C,  D.Sc.,         .  Gla.sgow. 

For  Members  of  Council. 

H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S.,  .  London. 

Christopher  W.  James,  .  .  .  London. 

Donald  B.  Morisox,     .....  Hartlepool. 
Sir  Vincent  L.  Raven,  K.B.E.,      .                    .  Darlington. 

David  E.  Roberts,        .....  Cardift'. 

The  following  Nominations  were  also  made  by  the  Council  for 
election  at  the  Annual  General  Meeting,  with  their  consent : — 


Election  as  t'or    MEMBERS   OF    CoUNCIL. 

member. 

1 900.  Richard  W.  Allen,  C.B.E., 
1912.  Sir  George  J.  Carter,  K.B.E.,      . 
1897.  William  Mills,  ... 

1896.  Louqhan  St.  L.  Pendred,     . 


Bedford. 
Birkenhead. 
Bii'mingham. 
London. 


Appointed  during  the  year. 


Jan.  102(1. 


COUNCIL    XOMINATIOX    LIST. 
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The  Chairman  reminded  the  Meeting  that,  according  to 
By-law  26,  any  Member  or  A.ssociate  Member  was  tlicn  entitled 
to  add  to  the  list  of  candidates. 


Mr.  H.  G.  BuRFORB  then  made  the  following  Nomination  for 
election  as  Member  of  Council,  subject  to  his  consent : — 


Election  as 
member. 

1906.  Lt.-Col.  A.  E.  Davidson,  D.S.O.,  R.E., 


London. 


Mr.  W.   H.  TuRTON  also  made  the  following  Nomination  for 
election  as  Member  of  Council,  subject  to  his  consent : — 


Election  as 
menil)er. 

1900.  Frederic  W.  C.  Dean,  M.B.E., 


Woolwich. 


The  Chairman  announced  that  the  foregoing  names  would 
accordingly  constitute  the  nomination  list  for  the  Election  of 
Officers  at  the  Annual  General  Meeting. 


The  Chairman  announced  that   the  following  149  Candidates 
had  been  duly  elected  :— 


MEMBERS. 

Barron,  Neil  McKechnie, 

Bell,  Norman  Macleod,  . 

Blyth,  Charles  Edward, 

Denton,  Robert  George,  . 

Hatch,  Ernest  Yarley,  C.B.E. 

Halder,  Joseph  Albert,  , 

Haslam,  John  Thomas, 

HiNDMARSH,  Ralph  Frederick, 

Jackson,  Samuel,    . 

Jarny,  Marcel  Edouard  de, 

Jarvis,  Alexander  Charles, 

Joynt,  Ernest  Edwin, 

McCoLL,  Robert  Boyd,     . 

Maudslay,  Reginald  Walter, 

Murray,  James  O'Hara,  . 

Nash,     Sir     Philip     Arthur     Manley, 

K.C.M.G.,  C.B 

Niblett,  Herbert,  Lt.-Col.,  C.B.E.,  D.S.O., 
Noble,  Ernest  Charles,  .... 


London. 

Brisbane. 

Cairo. 

Wellington,  N.Z. 

London. 

Girandot,  Colombia. 

Lonavla,  India. 

Newcastle-on-Tyne. 

Manchester. 

London. 

Copenhagen. 

Dublin. 

Newcastle-on-Tyne. 

Coventry. 

London. 

London. 
London. 
Parana,  Arg.  Rep. 
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ELECTIOS'  OF  MEMBERS. 


Jan.  1020. 


Ogden,  JOSEI'II,  .... 

Owen,  Haiuiy,  .... 

I'lLKixoTON,  Thomas, 
KosE,    Eknest    Albekt,    Lt.-Col.,    C.H.E 

K.A.S.C,  M.T., 
llowLAXD,  William  Henuy, 
SciiOLKs,  Edwakd  Henky, 
Smith,  Alexandkr  Rowland, 
^\'ILU,  George  Henuy, 


Huddersfu^ld. 

lliivaiia. 

Jiiiminj,'hani. 

London. 
]i;in<;;or. 
Man  ell  ester. 
Caloutt.-i. 
Dublin. 


associate  memheus. 

Allen,  Sydney  Charles  Victor, 
Alston,  Charles  Henry  Thomas, 
Archibald,  (Jordon  King,  M.ijor,  K.A.S.C 
Arthur,  John,         .... 

IJaILKY  CUUKCHILL,  JoHN  LeSLTI^  AsHPOLE, 

Barker,  James  Alrert  Robkut, 

JiARLOw,  Alfred  Cuaiiles, 

JUrringer,  Kenneth  Arnold,  . 

JiAYLiss,  Arthur,     .  . 

-Blackie,  Frank  Burnett,  Captain,     . 

Bound,  William  Henry,  . 

Bradfield,  Rupert  Hexi!y, 

liRADSHAW,  John,     .... 

Bramwell,  Arthuij, 

Brodii:,  Basil  Heath,  Ca[itain,  ll.A.K  , 

BiiowN,  William,     .... 

Browxi:,  George  Henry,  . 

BuLLivANT,  Trevor, 

BuRNESs,  Hugh  Hanton,  . 

Carr,  William  Saxon, 

Carwardixe,  George, 

Causton,  Harry,      .... 

Chalmers,   Thomas    Edward    Bain,    iM.(', 

Captain,   ..... 
Char,  Nai,  Eng.-Lieut.,  R.S.N. , 
Coombs,  James  Alger, 
])icK,  James  Ferguson,     . 
Doughty,  Eldred  Herbert, 
JJunphy,  Lewis   Overton   Angus,  Lt.-Col. 

R.A.S.C,  .... 

Ellingham,  Ernest  Harry,  Lieut.,  R.F.A. 
FisoN,  Frederick  Jonathan, 
Foster,  Henry  Nedham,  Lt.-Col.,  R.A.S.C 
Fox,  Henry  Frederick,    . 
Card,  Reginald  John, 


Dublin. 

London. 

London. 

Coventry. 

London. 

Lincoln. 

Hayes,  Middlt>sox. 

London. 

Sheffield. 

Calcutta. 

Invergordon. 

Hull. 

(".irdiir. 

Sliellield. 

London. 

High  B.irnot. 

Iluddeislield. 

Jjondon. 

Dundee. 

Johanneslur;:. 

Bath. 

Jiedfonl. 

Wareham. 

London. 

Stourbridge. 

Glasgow. 

Biruiingham. 

London . 

Wakefield. 

Luton. 

Aldersbot. 

Erith. 

Stallbrd. 
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Gibbon,  Thomas, 

Glinn,  Roy  James,  . 

GoDFRAT,  John  Charles  Lerrier,  Lt 

O.B.E.,  M.C.,  R.A.S.C.,       . 
Griffin,  Percy  Walter,  . 
Harris,  Sydney  Hubert,  . 
Harrison,  Frederick  Arthur,  . 
Hay,  Matthew,  Major, 
Hitchon,  John  Robert,    . 
HoRSFiELD,  Roderick, 
Humphreys,  Herbert  George,  . 
Hutchinson,       Thomas       George 

Eng.  Lieut.,  R.N., 
James,  Arthur  Edward  William, 
Johnson,  Clyde  Heywood,  Capt.,  R 

R.A.F.,    .... 
Johnson,  James  Wilfrid, 
Johnson,  Stanley,    . 
Joiu',  Robert, 
King,  William  Elliott,  -. 
Kyle,  Percy,  . 
Lang,  Matthew, 
Lawrence,  Henry  Matthew, 
LiLEY,  Walter  Hemming, 
Lindsay,  Frank  Eades,     . 
Lloyd-Evans,  Bernard  John,    . 
MacIver,  John  Colin, 
McKenzie,  Alexander  Fullerton, 
MacLeod,  Adam  George  Gordon, 
McNaughton,  George  Matthew, 
Main,  George  Alexander, 
Marchinton,  William  Franklin, 
Middlemiss,  Edward  Thomas,  Major, 
Mitchell,  James,     . 
Newhouse,   Frank   Lloyd,   Eng.  Lt 

R.N.  (ret.), 
NiMMO,  Henry,  Captain,  R.E.  (T.), 
Norton,  Frederick  Arthur, 
Orton,  Albert, 
Parker,  Lawrence  George, 
Perry,  William, 
Pitt,  Arthur  George, 
Platts,  Frank, 
PoTTiE,  George,  Jun., 
Salmon,  Maurice  William,  Capt.,  R. 
Salmon,  Ronald  Martin,  Major,  R.E 
Scatcherd,  Reginald, 


-Col., 


Galt, 


and 


R.E.,. 

-Com., 


E. 


Manchester. 
London. 

London. 

Enfield  Lock. 

London. 

Woolwich. 

London. 

Birmingham. 

London. 

London. 

London. 
Worcester. 

London. 

Middlesbrough. 

Rugby, 

Lincoln. 

Newton-le- Willows. 

Uganda. 

London. 

Birmingham. 

Bombay. 

Birmingham. 

Loughborough. 

Liverpool. 

Calcutta. 

Santiago,  Chile. 

Millom,  Cumberland. 

London. 

Calcutta. 

Manchester. 

Dundee. 

Norwich. 

Woolwich. 

Malta. 

Stockport. 

London, 

London. 

Farnborough. 

Sheffield. 

London. 

London. 

Bombay. 

Wallsend. 
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Sellors,  Chaulks,    .....  Woolwich. 

Smith,  George  Harry,      ....  Mancliester. 

Sqt'ires,  Thomas  Bakeij,  ....  London. 

Stipelman,  Michael,         ....  London. 

Stobie,  Peter,  .....  Glasgow. 

Stone,  Frederick,    .....  Manchester. 

Stuart,  John,  ....  .  Sheffield. 

Thompson,  Alegar  Abbiss,  Major,       .  .  London. 

TiCEHURST,    Arthur    Cecil,    Major,  M.C., 

ll.E.  (T.), Dublin. 

Wade,  C!harles  Frederick,       .  .  .  Sheffield. 

Warner,  Fred  Albert,     ....  Rosyth. 
Warren,   Thomas    Richard   Pennefather, 

Col.,  R.A.S.C, London. 

Watts,  Sydney  George,    ....  Newpoi-t,  Mon. 

Westcott,  Stanley  John,  Lieut.,  K.G.A.,   .  London. 

Williamson,  George  Birkett,   .  .  .  Preston,  Lanes. 

Wilson,  George  Colston,  .  .  .  Natal. 

Wilson,  Joseph,  Lieut.  (Technical),  R.A.F.,  Sunderland. 

WooDHOusE,  John  Akmitage,  Capt.,  ll.E.,   .  Doncastei-. 

Young,  Herbert  George,  .  .  .  London. 


associates. 

Arden,  Phillip  Alexander,  Major,  ll.A.S.C,  Edinburgh. 

Cleaver,  Richard  Lovell,         .  .  .  London. 

Neech,  Herbert  Richard,         .  .  .  Gretna. 

graduates. 

Allen,  Frank  Sidney,       ....  Birmingham. 

Bell,  Edmund  Walter,    ....  Brighton. 

Bingham,  Arthur  Edward,        .  .  .  Gosport. 

Bird,  Frank,  ......  Dudley. 

FouLGER,  Frank,      .....  London. 

George,  Frederick  Henry,        .  .  .  London. 

Glavin,  Thomas,       .....  Queenstown. 

Godden,  Aubrey  Lionel  Standing,     .  .  Ashford,  Kent. 

Griffiths,  Albert  Edwin  Fisher,      .  .  Egremont. 

Harris,  William  James  JjEslie,          .  .  Plymouth. 

Howard,  Edmund  Eric,     ....  Stockport. 

Hudson,  Alfred  Ernest  Cecil,  .  .  Ashford,  Kent. 

Humfress,  Eric  George,  ....  Ipswich. 

Johnson,  Ernest  Cyril,    ....  London. 

JuDSON,  Norman,      .....  Bilston. 

McDonald,  Norman  Alexander         .  .  Dundep. 

MAbON,  Richard  Alfred,.  .  .  .  London, 
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Masser,  Alfued  Henri,    . 
MoojiE,  Ernest  Arthur,   . 
Pbingle,  John  Edward,   . 
RiCKETTS,  Sidney  James,  . 
RocHFORD,  Leonard  Henrv, 
Scott,  Henry  Joseph, 
Shelley,  Thomas,    . 
Underwood,  Frederick  Brian, 


Wembley. 
Stroud,  Glos. 
Portsmouth. 
Stony  Stratford. 
Waltham  Cross. 
London, 
Stafford. 
London. 


The  Chairman  announced  that  the  following  seven  Truiisferences 
had  been  made  by  the  Council : — 


Associate  Memhera  to  Memhcrs. 


Browning,  George,  . 
Hodgson,  Herbert,  . 
Morlev,  Thomas  BoxxEit, 
Ogg,  Easton  Lewis,  . 
UniNG,  Samuel,  Major,    . 
Vine,  Horace  Joseph, 
Warwick,  Percy  Walter, 


Glasgow. 

Leeds. 

Manchester. 

London. 

London. 

London. 

Portsmouth. 


The  Chairman  said  that  a  notice  had  been  circulated  of  certain 
proposed  alterations  in  and  additions  to  the  By-Laws  of  The 
Institution.  It  was  not  permissible  to  discuss  the  alterations  and 
additions  that  evening,  but  they  would  come  up  for  discussion  at 
the  Annual  General  Meeting  on  20th  February.  By  way  of 
preface,  however,  he  desired  to  say  that  the  alterations  had  been 
under  consideration  for  many  months  past  at  the  hands  of  various 
committees  appointed  for  the  purpose.  He  hoped,  therefore,  that 
those  who  came  fresh  to  the  proposals  and  failed  at  first  to 
understand  them  or  to  see  the  objects  aimed  at  would  remember 
that  they  had  had  very  careful  consideration  on  numerous 
occasions,  and  had  been  adopted  only  after  full  discussion  of  every 
opposing  view.  Some  changes  were  proposed  in  the  age  of  entry 
into  the  different  classes.  Those  who  studied  the  alterations  would, 
he  thought,  see  that  one  of  the  leading  motives  for  those  suggestions 
bad   been  the  desire  to  give  some   advantage  to  those  who  had 
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passed  the  exsunination.s  which  were  in.stituted  a  few  years  ago. 
On  the  other  hand,  the  interests  had  been  regarded  of  men  whose 
tastes  and  abilities  might  not  lie  chiefly  in  the  direction  of 
examinations,  but  who  had  gained  responsible  positions  at  a 
KuflBciently  early  age  to  indicate  character  and  ability.  On  the 
other  hand,  men  who  had  passed  the  appropriate  examinations  but 
who,  through  ill  fortune  or  otherwise,  had  not  had  early  success  in 
achieving  a  responsible  position,  should  be  eligible  for  the  grade  of 
Associate  Member  up  to  a  substantially  higher  age,  proposed  to  be 
fixed  at  33. 

The  Council  also  suggested  small  increases  in  the  subscriptions, 
and  in  this  connexion  it  should  be  remembered  that  the  present 
subscriptions  were  materially  lower  than  in  other  leading 
Institutions.  It  was  proposed  in  the  first  place  to  raise  the 
subscription  for  Members  from  £3  to  .£4,  and  he  did  not  think  any 
Members  would  grumble  at  this,  when  they  bore  in  mind  the 
increases  in  sjilaries  and  in  tlie  cost  of  doing  everything,  from 
which  The  Institution  suflFered  in  common  with  everyone  else. 
The  proposed  subscription  of  £4  was  still  less  than  the  subscription 
for  Membership  of  the  Institution  of  Civil  Engineers  or  the 
London  Membership  of  the  Institixtion  of  Electrical  Engineers. 
The  Council  also  suggested  that  the  subscription  of  the  Associate 
Members  should  be  increased  by  10s.  from  £2  lOs.  to  £3.  The 
increases  would  not  take  effect  until  after  the  end  of  the  present 
year.  Members  who  had  paid  their  subscriptions  for  1920  in 
accordance  with  the  Rules  now  in  force  had  of  course  done  all  they 
could  be  asked  to  do.  The  Council  .also  thought  that  Associates 
should  pay  the  same  subscription  as  fuU  Members.  They  desired 
the  Associateship  of  The  Institution  to  be  regarded  as  an  honour,  to 
be  conferred  upon  men  whose  names  would  themselves  bring 
honour  to  The  Institution.  It  was  not  suggested  to  make  any 
increase  in  the  rate  of  subscription  of  the  Foreign  Members,  for  the 
Council  thought  that,  as  in  many  other  Institutions  and  Clubs,  a 
concession  should  be  made  to  those  who  were  wholly  out  of  reach 
of  advantages  available  to  the  members  at  home. 

With  regard  to  Provincial  members,  it  would  be  noticed  that 
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the  Council  had  proposed  the  beginnings  of  a  scheme  for  the 
gradual  development  of  Local  Branches — an  object  which  had 
already  received  the  careful  attention  and  thought  of  many 
Members  of  the  Council  for  years  past.  It  would  be  noted  that  it 
was  not  proposed  to  develop  Local  Branches  in  any  place  where 
there  was  not  a  real  prospect  of  success,  but  where  that  prospect 
oflered  itself  the  Council  proposed  to  give  assistance  liberally. 

Attached  to  the  proposed  altei'ations  of  the  By-Laws  was  a 
sheet  proposing  an  alteration  of  and  addition  to  Article  23  of  tlie 
Articles  of  Association,  but  that  need  not  come  up  at  tlie  next 
meeting,  because  under  the  Companies'  Acts  alterations  in  Articles 
of  Association  required  a  di  fie  rent  procedure,  involving  the  calling 
of  a  Special  Meeting.  The  suggested  alteration  had  gone  out  in  a 
form  which  probably  would  require  a  little  amendment  before  it 
came  before  the  Special  Meeting.  Its  object  was  to  create  a  grade 
of  Past  Vice-President,  as  one  means  of  increasing  the  flow  of  new 
blood  through  the  Council. 

He  then  formally  gave  notice  of  the  alterations  which  had  been 
circulated  to  the  members.  There  was  nothing  else  in  the 
proposals  to  which  he  desired  to  call  immediate  attention,  but 
certain  amendments  had  been  sent  in  by  members,  the  substance  of 
which  had  now  to  be  stated  to  the  Meeting.  He  therefore  called 
upon  the  Secretary  to  give  the  substance  of  the  amendments  which 
had  been  proposed. 

The  Secretary  then  read  out  the  salient  points  of  the  proposed 
alterations  which  had  been  handed  in  by  members. 

The  Chairmax  said  th.at  those  W'ere  all  the  amendments  of 
which  notice  had  been  received,  and  the  discussion  upon  tliem 
would  take  place  at  the  Annual  General  Meeting. 


The  following  Paper  avrs  read  and  partly  discussed  : — 

'*  Recent  Advances  in  Utilization  of  Water- Power,"  hy  Ei:ic 
M.  Bekgstrom,  of  London,  Associate  Member, 
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The  CuAiitMAN,  before  iidjouriiing  tlie  ]Vle(itiii<,',  said  that 
Mr.  RicuAUD  Allen,  C.B.E.,  of  Bedford,  on  behalf  of  his  Father, 
Mr.  William  H.  Allen,  one  of  tlui  Vice-Presidents  of  the  Institution, 
who  was  unfortunately  detained  at  home  by  illness,  would  at  the 
conclusion  of  the  meeting  present  to  tlie  Institution  the  very 
interesting  Le  HhOne  engine  which  was  mounted  in  a.  glass  case 
in  the  Hall  of  the  Institution.  Mr.  Allen  would  give  a  short 
description  of  the  engine,  and  the  only  thing  he  (the  Chairman) 
desired  to  say  was  to  call  attention  to  the  very  delicate  nature  of 
this  gift  to  The  Institution.  Mr.  W.  H.  Allen  had  given  something 
which  might  be  looked  u})on  entirely  as  a  war  product,  not  at  all 
likely,  he  believed,  to  be  repeated  for  commercial  use.  It  was 
absolutely  removed  from  any  reproach  that  it  was  an  illustration  of 
anything  now  made  commercially  at  the  famous  works  at  Bedford. 
It  was  no  doubt  an  illustration  of  very  beautiful  work  done  there. 


The  Meeting  terminated  at  a  Quarter  to  Eight  o'clock.     Tli 
iitttaidance  was  194  Members  and  103  Visitors. 


The  Paper  by  Mr.  Bergstrom  was  also  discussed  at: — 

Manchester,   in   the   Engineers'  Club,  on  Thursday,  29th 
January ;  Mr.  J.  Phillips  Bedson,  Memhcr,  in  the  Chair. 
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RECENT  ADVANCES  IN  UTILIZATION  OF 
WATER-POWER. 


By  Eric  M.  BERGSTROM,  of  London,  Associate  Member. 


Introduction. — Water-power  engineering  and  development  of 
water-power  have,  in  common  with  most  branches  of  engineering, 
made  very  rapid  progress  dvu'ing  the  last  fifteen  to  twenty  years, 
but  the  fact  that  comparatively  few  opportunities  exist  in  the 
British  Islands  for  extensive  development  of  water-power,  accounts 
for  the  relatively  small  interest  devoted  to  this  subject  by  engineers 
at  home. 

The  water-power  resources  of  this  country,  however,  are  well 
worth  closer  attention,  and  the  large  amount  of  water-power 
existent  in  Canada,  India,  New  Zealand,  Tasmania,  and  within  the 
Empire  as  a  whole,  awaiting  development  for  both  domestic  and 
industrial  purposes,  imposes  the  necessity  of  more  interest  being 
devoted  to  this  particular  branch  of  engineering  than  hitherto ;  the 
more  so  since  the  lesson  derived  from  the  War  makes  it  incumbent 
on  ourselves  to  manufacture  within  the  Gates  of  the  Empire,  at 
any  rate,  the  staple  articles  necessary  for  our  leading  industries, 
many  of  which  depend  to  a  very  great  extent  on  cheap  power  for 
their  production,  in  order  to  compete  successfully  with  material 
[The  I.Mech.E.] 
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produced  abroad.  This  applies  notal)ly  to  the  manufacture  of 
calcium  carbide,  nitrogen,  aluminium,  wood  pulp,  and  a  largo 
number  of  chemical  products,  for  mH  of  which,  with  the  exception 
perhaps  of  aluminium,  we  haye  been  obliged  to  rely  on  foreign 
resources.  Consequently,  in  view  of  the  important  rule  that 
water-power  engineering  will  play  in  the  coming  struggle  for 
industrial  supremacy,  it  is  desirable  that  the  general  knowledge  of 
this  highly  specialized  branch  of  engineering  should  extend  over  a 
very  much  wider  circle  than  hitherto  has  been  the  case,  and  for 
that  purpose  the  Author  proposes  to  give  a  synopsis  of  the  most 
recent  achievements,  at  the  same  time  embodying  the  developments 
of  water-power  engineering  from  the  beginning  of  the  present 
century,  which  epoch  constitutes  one  of  the  most  important 
"  milestones  "  in  this  development. 

It  is  interesting  to  note  that  the  progress  in  the  development  of 
hydraulic  prime-movers  during  the  last  century  was  comparatively 
slow,  the  most  common  type  of  turbines  employed  being  the 
well-known  types  of  "  Jonval,"  "  Girard,"  and  various  forms  of 
tangential  or  spoon  wheels.  With  the  advent,  however,  of  the 
application  of  electricity  on  a  commercial  basis  and  the  perfection 
in  system  of  transmission  and  distribution,  the  development  of 
water-power  received  a  tremendous  impulse,  which  marked  the 
beginning  of  a  new  era  resulting  in  very  rapid  progress  and 
enabling  the  vast  water-power  resources  of  the  world  to  be  utilized 
to  a  degree  which  now  forms  such  an  important  factor  in  our 
industrial  life. 

The  extended  field  thus  given  to  water-power  development 
created  a  demand  for  a  high-speed  turbine  also  under  comparatively 
low  heads,  and  in  order  to  meet  this  new  condition  American 
engineers  turned  their  attention  to  the  Francis  turbine,  invented 
in  1849,*  and  produced  a  high-speed  type  of  runner  known  as  the 
"  American  Type."  The  Francis  turbine,  however,  was  not 
unknown  in  Europe,  but  it  was  only  at  the  beginning  of  1900  that 
^t  was  generally  adopted,  and,  owing  to  its  great  advantages  over 


•  J.  B.  Francis,  Lowell  Hydraulic  Experiments,  Boston,  1855. 
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any  other  existing  type  of  turbine,  it  has  taken  the  lead  and 
revolutionized  the  whole  aspect  of  water-power  engineering. 
Although  it  was  due  to  the  enterprise  and  ingenuity  of  American 
engineers  that  this  type  of  turbine  was  developed  along  experimentiil 
lines,  so  as  to  make  it  adaptable  to  the  new  conditions  brought  about 
by  the  introduction  of  electricity,  it  stands  to  the  credit  of  European 
engineers  to  have  laid  the  theoretical  foundations  which  permitted 
its  development  to  be  accomplished  along  scientific  lines  and  which 
has  now  brought  this  type  of  turbine  to  its  present  state  of 
perfection. 

As  an  illustration  of  the  rapid  extension  of  the  use  of  the 
Francis  turbine,  it  is  interesting  to  note  the  manufacturing  records, 
Table  1,  of  an  eminent  European  firm  of  turbine-makers,  from 
which  it  is  clearly  shown  that  the  Francis  turbine  has  now 
superseded  all  other  known  types  of  low-pressure  turbines.  It  is 
of  particular  significance  to  observe  the  increase  in  output  per 
turbine,  which  indicates  the  modern  tendency  of  installing  less 
units  but  of  larger  capacity  than  hitherto  employed. 


TABLE  1. 


Period. 

Jonval 
No. 

Girard 
No. 

Francis 
No. 

Tangen- 
tial 

wheels 
No. 

Total 
B.HP. 

B.H.P. 

per 

Tur-     1 
bine.    | 

1 

1850-1894 

904 

883 

7 

623 

179,256 

74-2 

1895-1899 

72 

99 

98 

232 

114,818 

229-1 

1900-1904 

8 

IG 

464 

300 

390,252 

495-1 

1905-1909 

— 

— 

457 

336 

886,582 

1118-0 

1910-1914 

— 

— 

375 

219 

1,162,380 

1956-8 

This  last-mentioned  feature  of  modern  hydro-electric  development 
is  also  evident  from  a  perusal  of  Table  2  (pages  58-59),  in  which 
the  most  representative  installations  built  since  1895  have  been 
tabulated ;  but  perhaps  an  even  more  striking  illustration  is  furnished 
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TABLE  2. 


No.  riant. 

1  I  Cataract     Cojistrnction    Co.,) 
I       Niagara f 

2  A.  B.  Glommens  Traesliberi,\ 

Christiania j 

3  Shawinigan  Water  and  Po\ver\ 

Co.,  Montreal      .      .      .      .  j 

Canadian  Niagara  Co. . 

Svalgfors  Power    Station, i 
Notodden / 

Ontario  Power  Co.,  Niagara  . 

1 

McCall  Ferry  Hydro-Electric]! 

Power  Station     .      .      .      .  j| 

Great  Western  Power  Co.      .   | 

'J           Trollhattan      Hydro-Electric  ij 
Station j] 

10  Tokio     Electric    Light     andl| 
Power  Co /• 

11  Keokuk  Hydro-Electric)| 
Power  Station,  Mississippi,  ji 

I 

12  Aelfkarleby    Hydro  -  Electric) 

Power  Station     .      .      .      .('. 

13  Cedar  Rapids  Power  Station,! 

Montreal / 

14  Alabama  Power  Co.     ... 

15  Laurentidc  Power  Station     . 
10           The  Tallassee  Power  Co.  .      . 


Country. 

U.S.A. 
Norway 
Canada 
Canada 
Norway 
Canada 
U.S.A. 
U.S.A. 
Sweden 
Japan 
U.S.A. 
Sweden 
Canada 
U.S.A. 
Canada 
U.S.A. 


1912 
1914 
1914 
1914 
1915 

191  r. 


Year  of 
Installa- 
tion. 

Working 

Head  in 

feet. 

1895 

13G 

1901 

04-5 

1902 

134 

1903 

133 

1904 

150 

1904 

175           j 

1905 

53 

1907 

525 

1909 

lOG 

1910 

396 

39 
54 
30 
G8 
7G 
180 
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TABLE  2. 


Output 
inBHP. 
per  unit. 

Num- 
ber of 
Units. 

Speed 

in 
B.P.M. 

Output  under 
head  =  1  ft. 

Output  per 
runner  under 
head  =  1  ft. 

Type.              I 

i 
1 

5,000 

10 

250 

3-15 

1-575 

/Double     enclosed 
[     vertical. 

3,000 

4 

150 

5-8 

5-8 

(Single      enclosed 
1     vertical. 

6,000 

1 

180 

3-87 

1-94 

f  Double     enclosed 
\     horizontal. 

10,250 

3 

250 

6-G8 

3-34 

f  Double     enclosed 
\    vertical. 

11,750 

3 

250 

G-40 

3-20 

f  Double     enclosed 
[     horizontal. 

12,000 

— 

187-5 

5-18 

2-59 

/Double  spiral  hori- 
(,     zontal. 

13,500 

10 

94 

35-00 

17-5 

/Double  open  verti- 
\     cal. 

18,000 

4 

400 

1-5 

1-5 

/Single  spiral  vorti- 
\     cal. 

12,500 

8 

187-5 

11-5 

5-75 

/Double     enclosed 
(     horizontal. 

12,500 

6 

— 

1-6 

0-8 

I'Double  spiral  hori- 
{    zontal. 

14.000 

15 

57-7 

57-5 

57-5 

/Single  open  verti- 
t     cal. 

14,000 

5 

150 

35-4 

8-85 

/Quadruple      open 
1^     horizontal. 

10,800 

12 

55-G 

CG-0 

GG-0 

/Single  open  verti- 
l     cal. 

17,500 

G 

100 

31-0 

31-0 

/Single  open  verti-  , 
1     cal,                         j 

20,000 

6 

120 

30-0 

30-0 

/Single  open  verti- 
(.     cal. 

31,000 

— 

154 

12-85 

12-85 

/  Single       enclosed 
1     vertical. 

1 
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TABLE  3. 


No. 


Plant. 


Country, 


9 

10 


The   :\Ioxican  Light  and   Power  Co.,] 
Necaxa f 

r>rusio  1  [yilro-P.lcctric  Plant    .      . 

Eio  dc  Janeiro  Tramway,  Lij^ht  andi 
Power  Co f 

British    Aluminium    Co.,   Ltd.,   Kin-i 
lochleveu i 

Tysse  Hydro-Electric  Plant 

Rjukanfos     Hydro  -  Electric     Plant,  i 
Station  I • 


Loentsch  Hydro-Electric  Plant 

The  Mexican  Light  and   Power  Co.,V 
Extension • 

Biashiua  Hydro-Electric  Plant 

South    California    Edison    Co.    Kernl 
River,  Plant  I ' 


11  Lake   Bunzen   Hydro-Electric   Plant,\i 

Station  II ' 

12  Kinugawa  Hydro-Electric  Plant    . 

13  Rio  de  Janeiro  Tramway,  Light  andV 

Power  Co.  Extension / 

11      Loentsch    Hydro-Electric   Plant   Ex-i 
tension ,1 

15      Tata  Hydro-Electric  Plant,  Bombay  . 

IG      Rjukanfos     Hydro  -  Electric     Plant, "1 
Station  II j 

17      Aura  Hydro-Electric  Plant. 


Mexico 

Switzerland 

Brazil 

Great  Britain 
Norway 

Norway 

Switzerland 
Mexico 

Switzerland 
U.S.A. 

Canada 
Japan 
Brazil 

Switzerland 

India 

Norway 

Norway 


Year of In- 
stalla- 
tion. 


inon 

1005 

1900 

1907 
1907 
1908 

1908 
I'M) 
1909 
1910 

19112 
1912 
1912 

1913 
1914 
1914 
191C 
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TABLE 

3. 

Nett  Hdad  in 
feet. 

Output  per 
Unit  in 
B.H.P. 

Number  of 
Units. 

Speed  in 
R.P.M. 

Type. 

1,279 

8,200 

6 

300 

4-jet  vertical. 

1,350 

3,500 

12 

375 

Single-jet  horizontal. 

950 

9,000 

6 

300 

4-jet  vertical. 

900 

3,300 

11 

300 

JDouble  -  jet  hori- 
(     zontal.                    ' 

1,260 

i,800 

7 

375 

Single-jet  horizontal.  | 

1 

9:30 

U,-i50 

10 

250 

14 -jet  twin  runner; 
[     horizontal.             j 

1,075 

6,000 

4. 

375 

(Double -jot  ovcr- 
\     hanging  horiz. 

1,279 

10,000 

2 

300 

4-jets  vertical. 

S50 

11,000 

^ 

300 

4-iets  vertical. 

865 

10,750 

1 

250 

f2-iet  twin  runner 
\  overhanging  horiz. 

395 

13,500 

3 

200 

(8  -  jets  quadrunlc 
\    runner  horizontil. 

1,050 

6,000 

6 

375 

Single-jet  horizontal. 

950 

20,000 

0 

300 

4-jets  vertical. 

1,150 

16,000 

1 

300 

j  Double  -  jet  over- 
ly    hanging  horiz. 

1,050 

13,500 

0 

300 

Single-jet  horizontal. 

830 

16,400 

10 

250 

|4-jet  twin  runner 
\     horizontal. 

2,350 

23,500 

6 

250 

Single-jet  horizontal. 
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by  fijjures  recently  published  by  >in  Americjin  manufacturer,  who 
commenced  the  miinufacture  of  the  Francis  turbine  in  1895,  and 
since  that  date  has  completed  installations  with  an  aggregate  output 
of  1,683,720  b.h.p.  corresponding  to  an  average  output  of  8,000 
b.h.p.  per  turbine  delivei-ed. 

The  turbines  for  the  Cataract  Construction  Company,  Niagara, 
built  in  Europe  in  1895,  which  at  that  time  were  the  largest  units 
ever  installed,  in  respect  of  output,  have  now  been  placed  in  the 
background  in  comparison  with  units  instjxlled  in  modern  power- 
plants  both  in  America  and  Europe.  It  should  be  observed, 
however,  that  the  comparative  sizes  of  turbines  can  only  be  indicated 
by  their  output  under  an  equal  head,  and,  for  the  purpose  of 
comparison,  the  various  outputs  under  the  unit  head  of  1  foot 
have  been  tabulated,  which  shows  that  the  largest  turbines  in 
the  world  in  respect  of  dimension  are  those  erected  at  the  Cedar 
Rapids  in  Canada,  which  installation  will  be  referred  to  later. 
By  way  of  comparison  Table  3  (pages  60-61)  shows  the  most 
representative  high-pressure  turbine  installations  installed  during 
the  last  fifteen  years. 

According  to  broad  principles,  the  turbines  are  classified  in  two 
categories,  namely,  Reaction  and  Impulse  turbines. 

The  Francis  turbine  belongs  to  the  former,  and  the  high-pressure 
impulse  turbine — or  more  familiarly  known  as  "  Pelton  Wheel  " — 
belongs  to  the  latter  category,  and  being  the  only  types  of  turbines 
now  employed  in  modern  water-power  development,  it  is  unnecessary 
to  deal  with  any  other  type  except  as  far  as  historical  interest  is 
concerned. 

Francis  Turbines. 

The  Francis  turbine,  named  after  its  American  inventor,  has  a 
runner  of  the  radial  inflow  type,  the  water  entering  the  runner 
with  a  velocity  corresponding  to  only  a  portion  of  the  head, 
approximately  half,  and  the  remaining  pressure-energy  is  utilized 
to  accelerate  the  water  during  its  passage  through  the  runner.  It 
is  characterized  by  the  varying  conditions  of  head  and  speed  foi* 
which  it  can  be  ada2)ted,  in  which  is  to  be  found  the  reason  for  its 
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popularity,  which  has  been  fully  justified  by  recent  developments  in 
its  design. 

As  is  well  known,  the  main  characteristics  of  a  turbine  are ; — 

(1)  Head  in  feet  (Symbol  H). 

(2)  Output  in  B.H.P.  (Symbol  P). 

(3)  Quantity  of  water  in  cub.  feet  per  min.  (Symbol  Q). 

(4)  Speed  in  r.p.m.  (Symbol  N). 

If  we  assume  that  under  the  given  head  of  H  feet  the 
characteristics  of  the  turbine  are  P,  Q,  and  N  respectively,  the 
corresponding  charactei-istics  for  the  unit  head  of  one  foot  would  be 

P  Q         N 

which  are   termed   the    unit  speed,   unit  quantity  of   watei-,   and 
unit  output  for  any  turbine. 

This  tui'bine  under  the  head  of  H  feet  would  consequently 
have  the  following  characteristics  : — 

^~  hvh  '  ^^~  vr        V^' 

The  above  conditions  apply  only  to  turbines  of  the  same  diameter 
and  design,  and  in  order  to  compare  turbines  of  different  diameters 
and  operating  under  entirely  different  conditions,  the  factor  known 
as  the  "  specific  speed  "  has  recently  been  introduced  (Symbol  Ng), 
which  term  indicates  the  speed  any  given  turbine  would  run  at 
when  operating  under  the  unit  head  of  1  foot  and  having  an 
output  of  1  B.H.P.* 

To  arrive  at  the  value  of  the  specific  speed  N^  which  now  has 
been  universally  adopted  in  modern  classification  and  design  of 
runners,  let  it  be  assumed,  as  in  the  previous  instance,  that  a 
turbine  runner  has  been  designed  to  develop  P  B.H.P.  with  a 
speed  of  N  r.p.m.  under  a  head  of  H  feet,  the  corresponding 
quantity  of  water  being  Q  cubic  feet  per  second.  If  we  let  the 
head  remain  constant  and  conceive  all  the  dimensions  to  be  varied 
in  exact  proportion  to  the  diameter  D,  we  can  obtain  any  number 
of  geometrically  identical  runners  with  a  varying  diameter  D,.     All 


*  Dr.  Camerer.;  "  Grundriss  der  Turbinontheorie,"  1903. 
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the  iirejis  of  the  runners  would  vary  in  direct  proportion  to  the 

square  of  its  diameter,  and  consequently  the  quantity  of   water 

and    output    would   vary    in    the    same    proportion,  and    we    can 

write : — 

Q   _  P    _  D^ 

where  the  index  X  denotes  the  values  of  P  and  Q  corresponding  to 
the  diameter  D,.. 

On  the  other  hand  the  speed  would  vary  inversely  with  the 
diameter,  and  hence 

N-  =  K    ''''   ^ '^  =  ^  ^  D, 
For  P^  =  1  B.H.P.  we  write 

and  the  corresponding  speed 

K,  =Nx^^=nVp. 

If  in  these  formuhe  we  substitute  the  values  N  and  P,  being  the 
speed  and  output  under  head  of  H  feet  with  the  corresponding 
unit  values,  we  arrive  at  the  expression  for  the  specific  speed, 
tlius : — 

The  value  of  the  specific  speed  applies  only  to  one  runner,  and 
in  case  of  a  turbine  with  two  or  more  runners  P  in  the  formuhi; 
represents  the  output  per  runner,  or  if  P  represents  the  total 
output  the  value  of  N^,  must  be  divided  with  the  square  root  of 
the  total  number  of  runners. 

The  relation  between  N,  in  the  metric  and  foot-lb.  system  can 
be  expressed  through  the  following  formula  : 

X,  (metric)  =  4-447  N,  (foot-lb.), 

and   throughout  this   Paper  the   metric  equivalent   is   quoted  in 
brackets. 

It  is  easily  recognized  that  the  value  of  the  specific  speed  owing 
to  the  limitation  of  design  consistent  with  good  efficiency  has  a 
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minimum  and  a  maximum  value,  the  minimum  being  approximately 
11  (50),  and  the  maximum,  only  a  few  years  ago,  approximately 
75  (330),  although  recent  improvements  in  design  of  runners 
have  advanced  this  latter  value  to  approximately  100  (450).* 

Fig.  1  shows  diagrammatically  the  various  forms  of  runners  with 
corresponding  values  of  the  specific  speed,  A  being  a  runner  of 
the  slow-speed  type  using  a  small  quantity  of  water  under  a  high 

Fig.  1. — Rtinners  foi-  Francis  Turbines. 


Ns  =   —  15 


Ns  =    —   70 


Ns  =  ~    25 


D^^, 


Ns  =   —    40 


fW' 


N.   =    —    100 


head,  whereas  E  shows   the   latest  design   of   high-speed   runner 
using  a  large  quantity  of  water  under  a  low  head. 

It  has  already  been  mentioned  that  the  high-speed  Francis 
turbine  runner  was  evolved  in  America  by  way  of  experiment,  and 
was  made  a  prototype  for  standard  turbines  which  were  sold  under 
various  trade  names  once  so  familiar  to  all  engineers.  The  standard 
turbine  was  admirably  suited  to  small  water-power  installations, 


*  S.  J.  Zowski.  "  Some  recent  Tests  of  High-Power,  High-Speed  Turbines." 
Engineering  Record,  December,  1914, 
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;iik1,  on  account  of  stiindardized  manufacture,  was  sold  at  an 
exceedingly  low  cost,  but  the  fact  that  the  method  of  standardization 
was  not  founded  on  a  strictly  theoretical  basis  militjited  for  a  long 
time  against  improvements  in  design  and  manufacture  of  turbines 
suit;ible  for  conditions  of  large  hydro-electric  developments. 

In  Europe,  on  the  other  hand,  as  soon  as  the  favourable  features 
of  the  Francis  type  of  turbine  had  been  recognized,  its  design  was 
developed  along  scientific  lines  with  a  view  to  utilizing,  under 
the  most  favourable  conditions,  the  great  natural  water-power 
resources  existent  to  meet  the  growing  demand  for  cheap  power 
in  bulk. 

The  individuality  in  design  and  precision  in  workmanship 
created  by  this  method,  in  addition  to  the  established  practice  of 
designing  each  turbine  to  suit  the  existing  conditions  in  each 
particular  installation,  paved  the  way  for  utilizing  water-power  on  a 
very  much  larger  scale  than  that  at  first  anticipated.  It  is  significant 
to  note  that  the  fii'st  large  hydro-electric  plant  installed  at  Niagara 
in  1895  was  built  in  Switzerland,  and  was  followed  by  several 
larger  plants,  which  fact,  perhaps,  brought  home  to  American 
manufacturers  the  superiority  of  the  European  practice  and  caused 
leading  manufacturers  in  the  United  States  to  adopt  this  method. 

The  many  advantages  which  were  undoubtedly  oflfered  by  the 
standardization  of  turbines  were,  however,  fully  recognized  in 
Europe,  and  in  the  value  of  "  specific  speed  "  was  found  the  basis 
for  a  method  of  standardization  which  permitted  the  manufacture 
under  more  advantageous  commercial  conditions,  having  due 
regard  at  the  same  time  to  efficiency  and  high'  standard  of 
workmanship. 

From  the  foregoing  remarks  it  will  no  doubt  be  appreciated 
what  an  important  link  this  exchange  of  ideas  between  the  two 
continents  has  been  in  the  development  of  this  type  of  prijne 
mover,  enabling  a  very  much  more  rapid  progress  than  would 
otherwise  have  been  the  case. 

Most  of  the  leading  manufacturers  have  now  adopted  the 
manufacture  of  standard  runners,  each  aeries  corresponding  to  a 
certain   specific  speed  and   selected  to  meet  the  conditions  most 
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frequently  uiet  with.  It  will  be  realized  that  owing  to  the 
multitude  of  varying  conditions  which  have  to  be  considered,  this 
system  may  not  always  cover  the  complete  lield,  and  special  designs 
have  to  be  resorted  to,  but  usually  the  modern  standard  runner 
covers  such  a  wide  range  that  in  most  cases  where  no  abnormal 
conditions  are  imposed,  they  can  be  used  with  great  advantage. 

One  very  important  factor  in  connexion  with  the  modern 
standard  turbine  is  the  exhaustive  tests  to  which  each  series  have 
been  subjected,  and  consequently  a  full  knowledge  of  its  efficiency 
and  other  characteristics  is  available,  making  it  possible  to  predict 
with  the  greatest  accuracy  its  behaviour  under  a  variety  of  conditions 
and  enable  a  selection  of  a  runner  which  wall  most  efficiently  meet 
a  given  set  of  requirements. 

It  is  on  these  improved  methods  of  systematic  tests  and  correct 
designs  that  the  standardization  of  the  modern  turbine  has  been 
based  and  developed,  and  is  by  no  means  synonymous  with  the 
earlier  attempt  of  standardization,  where  the  manufacturer  lacked 
the  knowledge  of  the  chief  characteristics  of  the  turbine,  with  the 
result  that  the  turbines  were  very  often  installed  under  conditions 
for  which  they  were  not  suitable ;  indeed,  whereas  the  modern 
system  has  encouraged  further  developments,  the  early  American 
practice,  due  to  its  empirical  nature,  tended  to  bar  progress  and 
render  abortive  every  effort  of  development  along  rational  lines. 

Testing  plants  which  have  proved  so  valuable  in  the  development 
of  the  design  of  runners  are  now  installed  within  the  works  of 
most  European  turbine  manufacturers,  although  in  America  most 
tests  are  carried  out  at  the  famous  testing  plant  at  Holyoak.  Not 
only  are  standard  runners  accurately  analysed  on  these  testing 
plants,  but  all  new  special  designs  are  subjected  to  test,  and  in  the 
case  of  turbines  whose  large  capacities  do  not  permit  of  testing, 
accurate  geometrically  similar  models  of  small  diameter  are  made 
for  testing  purposes,  and  the  results  represent  very  accurately  the 
performance  of  the  master  runner. 

The  importance  of  proper  tests  and  rational  research  work,  where 
the  conditions  bringing  about  the  best  results  can  be  definitely 
ascertained,   has   perhaps   in    few   instances    manifested   itself   so 

F  2 
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clearly  as  in  the  evolution  of  the  Francis  turbine,  the  development  of 
which  has  only  been  possible  by  exhaustive  trials  and  by  intelligent 
application  of  the  results  so  obtained. 

As  a  point  of  interest,  in  view  of  the  importance  of  this  subject 
to  realize  fully  the  limitations  and  advantages  of  various  types  of 
runners,  a  brief  reference  will  be  made  to  the  tests  and  the  methods 
employed  to  analyse  the  results. 

The  tests  for  the  purpose  of  investigating  the  chief  characteristics 
of  runners  in  order  to  determine  their  performance  under  a  varying 
set  of  conditions  are  carried  out  in  specially  prepared  testing  flumes, 
the  tui'bine  being  generally  placed  in  a  vertical  position  with  the 
runner  suspended  from  a  ball  suspension  bearing  to  reduce  the 
mechanicixl  losses  to  a  minimum.  A  Prony  brake  is  usually 
employed  for  recording  the  output,  and  the  quantity  of  water 
measured  by  means  of  an  accurate  weir,  by  floating  vane  in  a  specially 
prepared  channel,  or  by  a  large  tank  of  known  dimensions;  the 
latter  practice  is  not  often  adopted  but  is  certainly  the  most 
accurate  method. 

These  tests  are  distinct  from,  and  should  not  be  confused  with, 
the  commercial  tests  carried  out  in  situ  after  the  erection  of  a  plant, 
in  which,  owing  to  the  entrance  losses  in  the  casing  and  larger 
mechanical  losses  due  to  friction  in  bearings,  the  efficiency  recorded 
may  fall  considerably  below  the  values  obtained  by  the  same  runner 
at  the  testing  plant. 

The  Author  considers  it  necessary  to  make  this  observation,  as 
it  is  often  the  case  that  the  efficiencies  obtained  from  turbines  of 
different  makes  are  indiscriminately  compared  without  reference  to 
the  conditions  under  which  the  test  has  been  carried  out.  It  is 
easily  recognized  that  the  efficiency  obtained  from  a  particular 
turbine,  for  instance  at  the  Holyoak  testing  flume  wliere  efficiencies 
of  over  ninety  per  cent  have  been  obtained,  is  by  no  means 
commensurate  with  the  efficiency  obtained  from  a  plant  under  actual 
working  conditions  when  a  maximum  efficiency  of  eighty-six  per  cent 
would  be  considered  exceedingly  good  ;  the  former,  owing  to  the 
ideal  conditions  under  which  the  test  has  been  carried  out,  representing 
as  nearly  as  possible  the  hydraulic  efficiencies  of  the  runner  only, 
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whereas  in  the  latter  case  the  total  efficiency  of  the  plant  under 
commercial  load  is  represented. 

During  the  tests  in  the  testing  flume  the  head  is  maintained  as 
constant  as  possible,  and  the  output  and  efficiency  obtained  at 
the  various  speeds  and  gate  openings  are  plotted  in  diagrams  with 
the  speed  as  abscissas  and  the  output  and  efficiencies  as  ordinates, 

Fig.  2. — Test  Results  of  Fraiicis  Turbine  designed  for  Head  H—  VI -Z  feet. 
Output  P  =  124  B.H.P.     Speed  N  =  187  r.p.m.    Specific  Speed  Ng  =  59. 
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when  a  "  speed- power  "  and  a  "  speed-efficiency  "  curve  is  obtained 
for  a  number  of  different  gate-openings. 

The  power  and  efficiency  curves  at  normal  speed,  which  is  the 
speed  for  which  the  runner  has  been  designed,  and  if  correctly 
designed  the  speed  at  which  the  maximum  efficiency  is  obtained, 
can  now  be  plotted  in  a  diagram  as  shown  in  Fig.  2.  This 
diagram  has  been  computed  from  a  test  at  Holyoak  with  a  runner 
of  a  specific  speed  of  59  (260)  and  gives  the  values  of  output 
and  efficiency  of  the  runner  under  a  head  of  1 7  *  .3  feet  at  a  normal 
speed  of  187  r.p.m.*      This  diagram,  however,  cannot  be  used  to 


*  C.  W.  Lamer,  Trans.  Am.  Soc.  of  C.E.,  Vol.  Ixvi.,  1910. 
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determine  the  behaviour  of  the  runner  under  other  conditions,  and 
a  diagram  of  the  "  general  characteristics "  of  the  turbine  must 
be  drawn  as  shown  in  Fig.  3,  representing  one  of  the  several 
methods  devised  for  this  purpose.     In  this  diagram  all  the  values 

Fig.  3.—Charactcris(ic  Curves  for  Francis  Turbines  at  Various  Gate  Openings. 


obtained  from  the  tests  have  been  reduced  to  the  values  corresponding 
to  the  unit  head  of  1  foot  with  the  unit  speed  as  abscisstc  and  the 
power  as  ordinatos,  the  efficiencyjbeing  plotted  as  continuous 
parabolic  curves. 

The  method  of  drawing  these  curves  is  as  follows:  The  speed- 
power  curves  under  the  unit  head  and  at  the  various  gate  openings 
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are  first  drawn,  as  shown  in  dotted  lines  on  the  diagram.  From 
the  speed-efficiency  curves  we  ifind  the  speeds  at  which,  with  the 
diflferent  gate-openings,  the  same  efficiencies  are  obtained  and  mark 
these  speeds  on  the  corresponding  speed-power  curves  and  draw 
a  continuous  curve  through  the  points  so  obtained.  This  process  is 
repeated  to  cover  the  full  range  of  efficiencies  obtained  from  the 
test,  and  the  diagram  is  completed. 

The  use  of  the  diagi-am  is  just  as  interesting  as  it  is  simple. 
Assume  that  the  turbine  as  represented  by  this  diagram  is  selected 
to  work  under  a  head  of  25  feet,  the  power  developed  at  full  gate 
would  then  be  : — 

P  =  1  •  73  X  25  X  \/25  =  216-25  b.h.p. 

and  the  normal  speed  : — 

N  =  45  X  \/25  =  225  r.p.m. 
and  the  efficiencies  the  same  as  those  shown  in  the  diagram  for  the 
normal  unit  speed  of  45  r.p.m. 

Assuming,  however,  that  it  is  required  for  some  reason  that  the 
turbine  should  run  at  a  speed  of  250  r.p.m.  instead  of  225,  the 
corresponding  unit  speed  would  be  :— 

250  4-  \/25  =  50  r.p.m. 

The  efficiency  corresponding  to  this  new  condition  of  speed  can 

be  directly  read  off  from  the  diagram,  which  shows  that  the  increase 

of  speed  to  250  r.p.m.  for  this  particular  turbine  would  entail  a 

considerable  loss  of  efficiency,  the  values  being  : — 

per  cent. 
1-00  gate 


0-883 
0-750 
0-667 
0'500 


82-5 

87 

85 

81-5 
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At  normal  speed  the  efficiency  would  have  been  :- 


1-00  gate 
0-883    „ 
0-750    „ 
0'6G7    ,, 
0-500    „ 


per  cent. 
84 


90 


!7-5 
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On  the  other  haiul,  assume  that  tlie  speed  of  225  r.p.m.  is  kept 
constant  by  means  of  a  governor,  and  that  the  head  is  increased  to 
say  36  feet,  tlie  unit  speed  would  then  be : — 

225  4-  \/36  =  37  •  5  r.p.m. 

Fig.  i.— Clmractcristic  Curves  for  Francis  Turbine  at  Various  Gate  02)enings. 

Nonnal  iV,  =  53  r.m.]). 

„      N,  =  78-5. 


X    1'077 


UNIT     SPEED     N, 


and  from  the  diagram  we  find  that  the  unit  power  at  full  gate  is 
1*7,  corresponding  to  an  output  of  1*7  X  36  X  \/36  =  367*2  b.h.p. 
This  particular  turbine,  represented  by  the  characteristic  diagram 
referred  to,  would  be  known  by  its  noiiual  unit  speed  iS'j  =  45  and 
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unit  power  at  full  gate  P^  =  1  •  73,  corresponding  to  the  specific  speed 
N,  =  45  X  1  •  73  =  59  (260). 

By  way  of  comparison  a  similar  diagram  of  another  type  of 
runner  is  given  in  Fig.  4  (page  72). 

The  selection  of  the  proper  type  of  runner  and  the  determining 
of  the  most  suitable  speed  of  a  plant  requires  a  great  deal  of 
consideration  and  cannot  possibly  be  adequately  analysed  within 
these  brief  pages,  but  the  foregoing  resume  of  the  evolution  of  the 
Francis  turbine,  together  with  the  fundamental  principles  and 
essential  facts  relating  to  various  designs  of  runners,  enables  us  to 
appreciate  fully  the  extent  and  importance  of  recent  advances  in 
the  design  of  "  high-capacity "  runners  and  the  value  of  their 
application  in  connexion  with  low  head  power  developments. 

Reference  has  already  been  made  to  the  effect  that  early 
attention  was  paid  to  increasing  the  unit  speed  of  runners,  the 
value  of  which  became  more  apparent  with  the  introduction 
of  direct  turbine-driven  generators.  Considerable  study,  both 
theoretical  and  experimental,  has  been  devoted  to  this  subject,  and 
all  attempts  at  improvements  in  design  of  runners  during  recent 
years  have  been  in  the  direction  of  increasing  the  maximum  value 
of  the  specific  speed  so  as  to  secure  a  larger  output  under  a  given 
head  and  speed,  or  conversely  to  obtain  the  highest  possible  speed 
for  a  given  head  and  capacity. 

Only  nine  years  ago  these  conditions  could  only  be  obtained  at 
the  expense  of  efficiency  which  was  particularly  marked  with 
fractional  gate-openings,  and  a  strong  current  of  adverse  opinion 
existed  against  any  attempt  to  increase  the  specific  speed  on 
account  of  the  unsatisfactory  characteristics  of  this  type  of  turbine 
which  would  militate  against  its  commercial  utility. 

The  maximum  value  of  the  specific  speed  obtained  at  that  time 
was  approximately  75  (330  metric  system),  and  Fig.  5  (page  74) 
represents  the  maximum  efficiencies  obtained  with  runnei-s  of 
various  values  of  specific  speed  and  fairly  represents  the  position 
at  that  date.* 


*  W.  Wagenbach :  Zeifcs.  fiir  das  Gcsamte  Turbinenweseu,  May  1909. 
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Since  this  time,  however,  great  strides  have  been  made  in  the 
development  of   the   high-capacity   runner,    made    possible  by  the 

Fig.  5. — Diagram  of  Efficiencies  obtained  from  Francis  Turbiyies  at 
Various  Specific  Speeds,  1909. 
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application  of  the  advanced  [knowledge  of  the  conditions  as  the 
result  of  systematic  tests  and  theoretical  investigations.  In  this 
respect  much  credit  is  due  to  American  engineers,  by  whom  a 
number  of  notable  installations  have  recently  been  carried  out, 
employing  turbines  with  a  specific  speed  of  approximately  95  with 
most  gratifying  results  as  regards  efficiency.  It  is  now  possible 
to  obtain  runnei's  of  a  specific  speed  of  even  100  together  with 
even  higher  maximum  etficiencios  than  secured  previously  with  .a 
specific  speed  of  veiy  mucli  lower  value  and  with  only  comparatively 
small  sacrifice  in  efficiency  at  part  gate. 


Jax.  19-JO, 
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The  development  of  the  high-capacity  runner  has  had  a  far- 
reaching  eflect  on  the  economical  arrangement  of  units  for  low-head 
plants,  in  addition  to  obviating  many  inherent  disadvantages  in 
the  arrangement  of  two  or  more  runners  on  a  common  shaft,  a 
practice  which  was  adopted  to  secure  a  high  speed  in  order  to 
eflfect  a  reduction  in  the  initial  cost  of  directly  driven  generators. 
To   cite   an   instance    to   demonstrate    this    point    more    vividly. 


10  Units, 
1,200  B.H.P.  each 

120  r.p.m. 
14-26  ft.  head. 


Fig.  6. — Cross-Section  of  Power  House  at  Chevres,  Geneva. 


reference  is  made  to  Fig.  6,  showing  the  power  station  at 
Chevres  near  Geneva.  This  plant,  erected  during  1890-1898, 
consists  of  15  Jonval  turbines  of  the  multiple-runner  type,  each 
unit  having  an  output  of  1,200  h.p.  under  a  maximum  head  of 
26 '5  feet  and  a  speed  of  120  r.p.m.,  although  the  five  units  first 
installed  had  a  speed  of  only  80  r.p.m.  If  this  plant  were  built  to-day 
and  equipped  with  high-capacity  Francis  turbines,  a  n'unjle  runner 
turbine  at  120  r.p.m.  would  give  an  output  per  unit  of  2,500  h.p.,  or 
conversely  with    an    output    of    1,200  b.h.p.  the    maximum   speed 
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wouUl  I*  approximately  175  r.p.m.  With  each  unit  consisting 
of  a  aoubl*.  Francis  turbine,  a  maximum  output  of  5,000  b.h.p. 
would  bi^  stH-ured  at  a  speed  of  120  r.p.m.,  or  with  the  original 
output  of  1,000  b.h.p.  a  speed  of  290  r.p.m.  would  be  obtained. 

Fi(..  1.— Cross- Section  of  Power  nouse,  Appalachian  Power  Co., 
NcwBiver,  U.S.A. 


4  Units,  6,000  B.H.P.  each 
116  r.p.m. 
AO  ft.  head. 


HIOM 


f  ftjmiTf  II I J 


This  example  indicates  sufficiently  the  great  value  of  this 
latest  development  in  the  enormous  saving  eflected  in  the  total 
cost  of  the  plant,  not  only  on  account  of  a  lesser  number  of  units 
being]  necessary,  but  also  due  to  the  reduced  size  of  the  buildings 
and  foundations.  A  .striking  contrast  i.s  offered  by  Fig.  7, 
showing  a  section  through  the  power-house  of  a  modern  vertically 
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arranged  turbine  plant,  which  cannot  fail  to  illustrate  the 
compactness  in  design  and  less  foundation  work  as  compared  with 
the  previous  plant. 

Although  European  engineers  have  been  far  more  conservative 
in  the  adoption  of  runners  with  high  specific  speed,  the  maximum 
being  80  (350)  as  installed  at  present,  test  runners  have  been 
constructed  up  to  a  specific  speed  of  160  (750)  with  fairly  good 
results.* 


Fig.  8. 
New/Fype  of  Turbine. 


Fig.  8  shows  a  design  of  runner  recently  constructed  by 
Escher  Wyss  and  Co.,  which  under  oflicial  efficiency  tests  gave 
exceptionally  good  results  at  varying  speeds  corresponding  to  a 
specific  speed  of  from  85  to  112  (375-500).  The  arrangement  of  this 
new  type  of  turbine  is  seen  from  the  Fig.,  the  main  feature  being  the 
large  space  between  the  guide-vanes  and  the  entrance  edge  of  the 
runner.  Hitherto  the  fundamental  idea  in  all  designs  of  turbines 
has  been  to  allow  a  minimum  of  space  between  the  guide-vanes  and 

*  H.  Th.  Holm, "  Moderna  Vattenturbiner,"  Teknisk  Tidskrift,  Stockholm, 
July  1914. 
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TABLE  4. 


No. 


I 'hint. 


Year. 


Maker. 


I  Head 
'  in  ft. 


Svalcfoa     Hydro-Electriti  ,  ^ 

Station,  Natodden,  Nor- [    1908;      J.  M.  Voith         150 


way 


10 


11 


12 


Roiu(eldonHydro-Electric\  ^q^q  'jEscher,     Wyssi      j^ 

Plant,  Switzerland  .     .  J             i\  and  Co.        i 

Hamilton    Cataract    Co.,\  jqqq  j  j_  ^  Voith 
Ld.,  Canada  .     .     .     ./ 

Trollhiittan     IIvdro-Elec-i  .<,,f.    j  Nydqvist  and\     ^qq 

trie  riant,  Sweden  .      .(  ^''^"    i  Holm          .1 

{ 


Kandcrwcrk    Hydro-Elec-)    -iqna 
trie  Plant,  Switzerland,  j    ^'^° 

Chippis      Hydro  -  Electric 


Escher,  Wyss  V    205 
and  Co.        j 


\F';     "yaro-f^^^""'^  I  ^„^^   l/Piccard,  Pictetl     <,,. 
Plant,  Rhone,  Switzer-)    1911   I        and  Cie        ji 


land 


Appalachian    Power    Co.,\   ^g^g        j  p_  ^^^^^^  49 

U.b.A I  I 


Pennsylvania   WaterV  ^g^^  j     ^  p  j^j^^^j^ 
Power  Company.      .     .ji 


G3 


Porjus    Hydro-Electric V  ioi«; 
Plant,  Sweden    .      .      ,j\^-^^^ 

Massaboden  H.  E.  Plant, \   .q,  ^ 
Switzerland  .     .     .     ./   ^^^^ 

Great  Northern  Paper  Co.,)!  ^^at 
Millinocket,  U.S.A..     ./    ^'^^' 

Porgse     Hydro-Electric\l  ,010 
Plant,  Sweden     .      .      .(    ■^"'^^ 


/  Nydqvist  and  1  ..pt, 

[         Holm         /  ^^-^ 

/Piccard,  Pictetj  ^^^ 
\       and  Cie        j\ 


J.  P.  Morris 


Verkstaden 


108 


57 


Normal 
Output. 


11,750 
1,200 
7,000 
12,500 
3,200 
0,500 
G,COO 
1G,500 
14,000 
3,500 
5,250 
3,750 
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TABLE  4. 


Speed  in 
R.P.M. 

Specific  Speed 
per  runner. 

Maximum 
Efficiency. 

Type. 

Quantity  of  water 
measured  by 

foot-lb. 

metric. 

per  cent. 

1 

250 

36 

160 

86-16 

1  Double    enclosed  1 
1     horizontal  .      .  j 

Floating  vane. 

63 

40 

177 

87 

(■Quadruple     openi 
\    vertical       .     ./ 

236 

16 

71 

86-8 

(Double     spiral! 
\    horizontal  .     .) 

187-5 

46-5 

206 

87 

J  Double    enclosed'! 
\    horizontal  .     .J 

Floating  vane. 

400 

27-5 

122 

87-4 

/Single       spiralj 
1     horizontal  .     ./ 

383 

19 

85 

90 

jDouble     spiral"* 
1     horizontal  .     ./ 

116 

69-5 

308 

93-7 

/Single  open  verti-\ 
1     cal   .      .      .      ./ 

Weir. 

94 

70 

312 

93 

/Single  open  verti-| 
(.    cal    .     .     .     ./ 

Titration  method. 

250 

36 

159 

92 

/Double    enclosed"! 
(     horizontal  .      ./ 

Current  meter. 

500 

42-6 

189 

90 

(Double      spiral"! 
1     horizontal  .      ./ 

/  Current  meter 
1^  and  titration. 

240 

56 

249 

92 

/Double  spiral) 
1     horizontal  .      .  j 

Current  meter. 

250 

80 

1      352 

94 

(Double    enclosed) 
\     horizontal  .     .J 
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iiiniu'r,  aii.l  lliis  lunv  .l.-i.artun<  in  tlesign  suggests  the  possibility 
of  revolting  to  tho  axial  .loiival  type  of  runner,  but  retaining  the 
convenient  form  of  wicket-gate  for  regulation  purposes.  It  is 
imticijKiU'd  that  further  progress  will  soon  be  recorded  on  these 
lineK,  but  at  present  no  further  data  are  available. 

Concomitivntly  with  the  development  of  high-capacity  runners 
is  the  ri'inarkable  increase  in  the  overall  efficiencies  obbiined  from 
plimts  under  working  conditions.  The  increases  in  the  average 
ov.MiiU  efficiencies  liave  naturally  followed  in  the  ti'ain  of  the  more 
cjireful  and  correct  runner  design  already  referred  to,  but  they  are 
also  due  to  the  improvements  in  the  design  of  casings,  guide- 
apjwratus,  suction-«ising8  and  suction-tubes,  based  on  a  better 
understanding  of  the  conditions  of  flow  in  various  parts  of  the 
turbine,  thus  eliminating  as  far  as  possible  impact  losses  and 
formation  of  eddies  in  tJie  water  during  its  passage  through  the 
turbine. 

The  most  nofcible  achievements  in  maximum  efficiencies  obtained 
during  recent  years  are  recorded  in  Table  4  (pages  78-79),  and  it  is 
to  be  noted  that  these  figures  represent  results  of  test  in  place 
under  working  conditions  in  the  presence  of  impartial  experts, 
and  consequently  they  can  be  regarded  as  highly  authentic. 

Another  significant  fact  to  be  recorded  is  the  long  range  of 
gate-openings  for  which  an  efficiency  of  over  80  per  cent  is 
obtained  and  which  cjin  be  seen  from  the  various  test-curves, 
Figs.  9-10  (pages  81-82).  In  this  connexion  it  is  interesting  to  recall 
that  only  a  few  years  ago  Professor  Dr.  Prazil,*  in  the  course 
of  a  Paper  on  Turbine  Efficiencies  delivered  before  this  Institution, 
predicted  that  much  further  advance  in  the  future  could  not  be 
expected  in  regard  to  efficiencies.  The  average  efficiency  of  the 
tests  then  published  was  85  per  cent,  which  value  has  been 
greatly  exceeded,  and  a  general  increase  of  10  per  cent  above 
efficiencies  obtained  about  12  years  ago  can  now  be  recorded. 
These  high  values  of  efficiency  fully  entitle  the  water-turbine,  when 


•  Dr.  F.  Prazil,  "  Results  of  Experiments  with  Francis  Turbines,"  Proc  . 
l.Mech.  Eng.,  lUll. 
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Fig.  9.— Turbine  Efficiency  Curves  (See  Table  4). 
Double  Horizontal  enclosed.     Ng  per  runner  =  36.     Tested  by  Current  meter. 
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PORJUS. 
H.E.POWER     STATION,  SWEDEN. 
UNIT     N?   5. 

HEAD 162     FT- 

OUTPUT  —  14,000     B.  H.  P. 

SPEED 250     R.  P.  M. 

I  I  IjULY      1915 


5»000 


10,000 
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15,000   B.  H.  P. 


Double  Horizontal  enclosed.    N^  i^cr  runner  =  46-5.     Tested  by  Floating  vane, 
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TROLLHATTA. 
H.E.POWER    STATION,  SWEDEN. 

HEAD 100     FT. 

OUTPUT  —  12,500    B.  H.  P. 

SPEED 187'5    R.  P.  M. 

I  I  1  JJUNE     1910 


8,000 
OUTPUT 


12,000    B.  H.  P. 


Double  Spiral  Horizontal.    Ng  per  runner  =  42-6.     Tested  by  Current  meter. 


90 

-O- 


86 '5 


•o 

77 


875 


MASSABODEN. 
H.E.POWER    STATION,  SWITZERLAND. 

HEAD 148    FT. 

OUTPUT  —    3,500    B.  H.  P. 

SPEED 500    R.  P.  M. 

IDEC.    1915 


1,750 

OUTPUT 


2,625 


B.  H.  P.  3,500     <        4,100 
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Pic.  10.— Turbine  Effioieticy  Curves  (See  Table  i). 
Doubl4^  Himzontal  Spiral.     N,  =  5G.     Tested  by  Current  meter. 


I— '00% 


-99% 

-O- 
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NORTHERN     PAPER     CO. 

MILLINOCKET,ME.    U.    S.    A. 
UNIT    N?     5. 

HEAD 108     FT. 

OUTPUT—    5,250     B.  H.  P. 
SPEED 240     R.  P.  M. 


I  NOV.     1917 


2,000 


4,000 


'-^^^._     OUTPUT 

Sin/jlc  Vertical  volute  casing  in  concrete.    Ng  =  69"5.     Tested  by  tceir. 

.,00% -MAX.    EFF.-93-7% 


APPALACHIAN     POWER     CO. 
DEVELOPMENT    NO.    2.    U-    S-    A. 


HEAD 49     FT. 

OUTPUT—     6,000    B.H.  P. 
SPEED 116     R.P.M. 


6,000    B.  H.  P. 


FEB.    1913 


2,000 


4,000 
OUTPUT 


6,000    B.  H.  P. 


.Singk  Vertical  volute  casing  in  concrete.    Ng  =  70.     Titration  Method. 

•100%- MAX.    EFF.     03%- 


0,000 
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13,000    13.  H.  P. 
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properly  designed,  to  be  ranked  as  the  most  elliciont  prime  mover 
existent. 

While  on  the  subject  of  efficiency  tests  of  plants,  it  may  be  of 
interest  to  record  the  increase  in  the  use  of  the  chemical  or  titration 
method  for  measuring  the  quantity  of  water.  This  method  is  now 
considered  as  giving  very  accurate  readings,  and  from  check  tests 
made  with  current  meter  the  discrepancy  in  readings  averages 
only  1  per  cent,  to  1*3  per  cent.*  This  method  of  testing  is 
principally  used  for  large  low-fall  installations  where  generally 
other  known  methods  of  measuring  large  quantities  of  water  are 
either  inconvenient  or  impracticable. 

The  efficiency,  in  itself  a  valuable  asset,  is,  however,  not  the 
all  -  important  feature  of  modern  turbine  developments ;  the 
improvement  in  mechanical  details  and  construction  and  simplicity 
in  design,  Jiogether  with  higher  standard  of  workmanship,  are 
all  important  factors  which  have  contributed  to  the  advances  in  the 
utilization  of  water-power,  by  ensuring  freedom  from  breakdowns, 
continuity  of  operation,  simplicity  in  working  and  accessibility  to 
effect  repairs,  all  of  which  are  of  vital  importance  in  connexion 
with  any  power  development. 

Space  does  not  permit,  within  the  limits  of  this  Paper,  to 
consider  in  detail  all  the  important  improvements  in  this  respect, 
but  in  the  following  pages  will  be  given  a  brief  description  of  some 
prominent  modern  hydro-electric  power  plants,  embodying  various 
types  of  turbines  and  modes  of  installation  which  will  serve  the 
purpose  of  illustrating  the  advances  in  construction  and  general 
lay-out  of  hydro-electric  power  plants. 

There  is,  however,  one  important  detail  of  construction,  namely, 
the  guide-apparatus  regulating  the  quantity  of  water  to  be  admitted 
to  the  turbine,  which  calls  for  some  preliminary  remarks.  In  the 
past,   three   distinct   types   of   construction  have   been   employed, 

Fig.  1 1  (page  84),  namely  : — 

A.  The  Cylinder-gate. 

B.  The  Register-gate. 

C.  The  Wicket-gate. 

*  A.  Streiff,  Engineering  Record,  Sept.  1914,  page  276. 
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Altliougli  both  the  cylinder-gate  aiul  register-gate  undoubtedly 
pctsse^sed  certain  points  of  merit,  they  have  now  been  superseded 
by  the  modern  wicket-gate,  on  account  of  the  improved  efficiency 

Fio.  n.—Tlircc  Types  of  Guide-Apparatus  for  Regulating  the  Quantity  of 
Water  to  be  admitted  to  the  Turbine. 
A.  Cyliiidcr-Gatc.  B.  Register-Gate. 


C.  Wicket-Gate. 


obtiiined  by  rt^^duced  obstruction  to  the  approach  of  the  water  to  the 
runner  and  by  eliminating  impact  losses  and  formation  of  eddies, 
wliich,  pjirticularly  at  small  gate  -  openings,  were  a  marked 
disjid vantage  iulicrent  to  the  two  first  mentioned  designs.  Modern 
Francis  turbines  are  now,  without  exception,  equipped  with 
wicket-gate  reguljition,  consisting  of  a  number  of  fin-shaped 
vanes  eacli  pivoted  on  a  gate-spindle  and  obtaining  its  movement 
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from  the  regulating  ring  to  which  each  gate  is  connected  by  means 
of  a  short  link. 

From  the  point  of  view  of  application  to  different  heightvS  of 
fall,  the  Francis  turbine  is  generally  classified  as  follows  : — 

(1)  Low-pressure  turbines  up  to  75  feet  fall, 

(2)  Medium-pressure  turbines  75  feet  to  150  feet  fall. 

(3)  High-pressure  turbines  from  150  feet  to  550  feet  fall. 
The  low-pressure  turbine  is  installed  in  open  flume,  the  medium 

in  circular  casing,  and  the  high-pressure  in  spiral  casing,  although 
a  distinct  line  cannot  be  drawn  as  various  local  conditions  have  to 
be  taken  into  consideration  in  each  case. 

Low-pressure  Francis  Turbines. — This  type  of  turbine  is  generally 
placed  in  open  flume,  to  which  the  water  is  conducted  through  an 
intake  channel,  the  plant  being  arranged  with  vertical  or  horizontal 
shaft.  The  latter  arrangement  has,  where  local  conditions  permitted, 
been  adopted  in  most  low-pressure  hydro-electric  plants  in  Europe, 
being  arranged  with  two  or  more  turbines  on  a  common  shaft  to 
secure  a  high  speed. 

In  America,  on  the  other  hand,  the  vertical  arrangement  has 
been  exclusively  adopted  in  connexion  with  modern  low-pressure 
installations,  primarily  due  to  the  topographical  conditions  of  the 
rivers  from  which  the  power  is  utilized,  inasmuch  as  the  fall  of  the 
river  is  very  often  distributed  along  large  distances,  and  dams  have 
to  be  built  to  concenti'ate  the  fall,  which  construction  lends  itself 
particularly  well  to  the  arrangement  of  vertical  shaft  units. 

It  is  in  this  connexion  that  the  most  notable  developments  in 
hydro-electric  power  plants  have  taken  place  in  recent  years  and 
which  have  been  stimulated  by  the  development  of  the  "  high 
capacity  "  runner  as  already  referred  to.  This  latter  construction 
has  permitted  the  adoption  of  the  single  vertical  turbine,  which 
possesses  many  economic  advantages  over  the  arrangement  of  tlie 
multiple  runner,  either  on  vei'tical  or  horizontal  shaft,  and  has 
facilitated  the  promotion  of  the  large-power  low-head  hydro-electric 
undertakings  which  during  the  last  six  years  have  shown  such  a 
remarkable  development  in  the  United  States  of  Ameriax. 
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A.  Verlicnl  loic-jnesnurc  Francis  Turbines.— A iy\)iciil  example  of 
this  arningement  is  the  phint  of  the  Mississippi  River  Power  Co., 
situated  at  Keokuk,  Iowa,  and  partly  completed  in  1913,  which 
apart  from  its  hydraulic  features  is  of  unusual  interest  as  being, 
when  completed,  the  largest  power  station  in  the  world,  with 
an  output  of  over  nOO,000  h.p.  under  one  roof.  This  power 
plant  is  situated  on  the  Mississippi  River  at  the  foot  of  the  Des 
Moines  Rjipids,  the  fall  of  the  river  being  23  feet  in  the  12  miles 
ftlwve  the  Rapids,  and  a  total  fall  of  32  feet  has  been  obtained  by 
the  construction  of  a  dam  across  the  river  between  Keokuk  and 
Hamilton.  The  power-house  forms  part  of  the  dam  structure,  and 
is  built  with  its  entire  length  parallel  with  the  river,  the  area  between 
the  power-house  and  the  main  bank  forming  the  fore-bay.  The 
power-house  is  constructed  entirely  in  concrete,  and  its  imposing 
size  can  be  judged  from  the  fact  that  the  total  length  is  1718  feet 
by  132  feet  10  inches  wide  and  177  feet  6  inches  high  from  the 
lowest  point  in  the  tail-race  to  the  highest  point  of  the  roof. 
Accommodation  has  been  provided  for  30  vertical  single-runner 
Francis  turbines  directly  connected  to  vertical  generators  of 
which  15  units  are  now  installed  and  in  operation.  The  turbines 
are  designed  for  a  normal  output  of  10,000  h.p.  under  a  net  head  of 
32  feet  and  a  speed  of  57  '  5  r.p.m.,  although  each  unit  is  capable  of 
overload  up  to  14,000  h.p.  under  a  head  of  39  feet. 

From  a  hydraulic  point  of  view  this  installation  is  of  particular 
interest,  as  it  embodies  all  the  modern  practice  which  has  been 
derived  from  years  of  careful  study  and  investigation.  This 
particularly  refers  to  the  construction  of  the  intake-chamber  and 
suction-tubes,  which  have  been  designed  to  reduce  to  a  minimum 
the  losses  due  to  impact  and  formation  of  eddies.  For  this  purpose 
the  turbine  is  set  in  volute  casing  cast  in  the  concrete  which  imparts 
to  the  water  the  same  entrance  velocity  at  all  points  round  the 
turbine  and  removes  the  possibility  of  formation  of  eddies  in  the 
intake-chamber,  thus  ensuring  the  highest  possible  efficiency  of  the 
turbine.  All  the  sections  of  the  intake  and  casing  have  been 
designed  to  avoid  any  sudden  changes  in  velocity  and  to  ensure  a 
gradual  and  uniform  tmnsition  in  the  velocity  of  the  water,  which 
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is  of  most  vital  importance  to  enable  a  high  overall  efficiency  of 
the  plant  to  be  realized. 

\V'^hat  has  just  been  said  with  regard  to  the  importance  of 
observing  hydraulic  principles  in  the  construction  of  the  intake  and 
setting  of  the  turbine,  applies  perhaps  in  a  greater  degree  to  the 
design  of  the  suction  or  draught  tubes.  As  in  the  case  of  the 
Mississippi  plant,  recent  practice  is,  as  far  as  conditions  permit,  to 
mould  the  suction -tube  direct  in  concrete  and  discharge  the  water 
at  the  bottom  end  parallel  to  the  flow  of  the  tail-race  in  preference 
to  using  steel  tubes,  as  was  formerly  the  practice. 

The  suction  or  draft  tube  was  considered  one  of  the  great 
features  of  the  Francis  turbine,  permitting  the  erection  of  the  plant 
at  a  convenient  height  above  tail-water  level  without  loss  of  head. 
In  addition,  however,  it  also  performs,  if  properly  designed,  the  very 
important  function  of  partly  recovering  the  energy  corresponding 
to  the  velocity  of  the  water  when  leaving  the  runner ;  hence  it 
becomes  necessary  to  pay  particular  attention  to  this  part  of  the 
construction. 

This  hydraulic  function  of  the  suction -tube 'may  be  of  less 
importance  in  connexion  with  slow-speed  runners  operating  under 
a  high  head,  as  the  discharge  velocity  from  the  runner  does  not 
exceed  a  figure  corresponding  to  approximately  5  per  cent  of  the 
total  head,  and  in  most  cases  less,  but  in  connexion  with  high- 
capacity  runners  the  suction-tube  becomes  one  of  the  most  vital 
parts  of  the  turbine,  and,  in  fact,  without  this  the  high-capacity 
runners  would  be  impracticable  owing  to  the  loss  of  efficiency 
entailed  in  not  converting  the  velocity  energy  of  the  water  when 
discharging  from  the  runner  into  useful  work.  This  will  be 
appreciated  when  it  is  remembered  that  the  discharge  velocity  of 
the  water  in  high-capacity  runners  may  often  represent  as  much  as 
15  per  cent  to  20  per  cent,  and  even  more,  of  the  total  head,  which 
energy  without  properly  designed  suction-tubes  could  not  be 
recovered  to  the  fullest  possible  extent. 

The  overall  efficiency  of  modern  turbine  plants  employing  high- 
capacity  runners  is  therefore  in  a  great  measure  dependent  on 
properly  designed  suction-tubes,  ensuring  that  the  velocity  of  the 
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wAter  immediately  after  its  discharge  from  the  runner  is  gradually 
and  iiniformly  reduced  to  the  minimum  velocity  when  discharging 
into  thr  tail  nice  and  thereby  increasing  the  total  utilized  hoad. 
This  fact  has  in  many  cases  not  been  sutliciently  appreciated,  with 
tiie  result  that  the  plant  has  been  working  with  a  permanent  loss 
of  efliciency,  which  could  have  been  avoided  if  due  consideration 
li:nl  b<Hui  given  to  this  important  section  of  the  plant.  In  this 
respect  the  vertically  arranged  unit  has  an  advantage  over  the 
horizontal  construction,  as  in  the  absence  of  suction  casing  or  bends 
a  higher  overall  efliciency  is  obtained. 

In  Fig.  12  (page  89)  is  seen  the  mechanical  arrangement  of  the 
turbine  at  the  Mississippi  River  Plant.  The  turbine  is  placed  just 
below  the  floor  level  of  the  power-house  at  the  bottom  of  a  short 
shaft  lined  with  a  steel  casing.  One  upper  and  lower  heavy 
foundation-ring  is  embedded  in  the  concrete  conforming  to  the 
inner  circumference  of  the  volute-casing,  and  rigidly  connected  by 
means  of  strong  stay-bolts  which  transmit  the  total  weight  of  the 
unit  to  the  foundations  of  the  power-house.  The  runner  is  of  most 
formidable  dimensions,  being  the  largest  size  runner  in  the  world, 
with  a  diameter  at  the  discharge  of  17  feet  4  inches  and  a  total 
weight  of  80  tons. 

The  spindle  of  each  guide-vane  passes  through  a  separate 
stuffing-box  and  connects  with  the  common  regulating  ring  by 
means  of  a  lever  which  in  its  turn  obtains  its  movement  from  the 
servo-motor  of  the  automatic  oil-pressure  governor.  This  system  of 
regulation  is  now  the  practice  adopted  in  all  large  vertical  units. 
As  all  the  regulating  connexions  are  above  water,  it  permits 
in.spection  when  running,  access  being  gained  from  the  power-house 
floor  through  a  separate  inspection  shaft. 

This  plant  also  illustrates  a  new  departure  in  the  design  of 
guide-bearings  just  above  the  runner.  Previous  practice  was  to  use 
a  lignum  viUc  under-water  bearing,  consisting  of  three  blocks  fitted 
in  :i  c:u<t-iron  shoe  with  adjusting  screws  for  taking  up  the  wear. 
This  design  of  guide-bearing  is  unsatisfactory  in  connexion  with 
large  units  on  account  of  the  small  bearing-surface  and  the  frequent 
a.ljustmenta  necessary.     The  guide-bearing  now  adopted  consists  of 
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a  large  number  of  lignum  vitse  strips  dovetailed  into  the  bearing - 
boxes,  evenly  spaced  round  the  whole  circumference  of  the  shaft,  the 

Fig.  12.— Turbineiaf.  the  Mississipjn- River  Plant. 
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small  space  between  each  strip  allowing  the  water  to  circulate  round 
the  bearing.  It  is  also  an  advantage  to  use  this  type  as  an  outside 
guide-bearing  when  the  turbine  is  not  submerged,  in  preference  to 
babbit-lined  bearings,  as  the  bearing  can  be  placed  close  up  to  the 
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runner  and  pressure  water  used  as  lubricant ;  thus  tlie  necessity  of 
providing  circulating  pumps  for  oil  is  dispensed  with. 

The  most  important  mechanical  detail  in  connexion  with  vertically 
arranged  turbines  is  the  thrust-bearing,  on  the  construction  of  which 
perhaps  the  whole  plant  depends  for  satisfactory  and  continuous 
operation.  It  must  be  admitted  that  a  strong  prejudice  existed  in 
the  minds  of  many  engineers  against  thrust-bearings,  which  in  many 
instances  militated  against  the  adoption  of  the  vertical  arrangement 
for  large  units ;  and  the  question  of  the  most  reliable  type  of 
bearing  for  such  plants,  when  the  load  to  be  supported  may  exceed 
250  tons  as  in  the  case  of  the  Mississippi  plant,  naturally  compelled 
most  careful  thought  and  consideration.  In  America,  at  any  rate, 
the  present  practice  is  to  use  one  thrust-bearing  only  which,  in 
addition  to  the  weight  of  and  water-pressure  on  the  runner,  has  to 
carry  the  weight  of  the  rotor  of  the  generator,  whereas  European 
engineers  up  to  the  present  have  preferred  to  have  a  separate 
bearing  for  the  generator. 

The  types  of  bearing  which  have  been  used  for  this  purpose 
are:  (1)  Oil-pressure  thrust-bearing;  (2)  Ball-  or  roller-bearing; 
(3)  "  Kingsbury  "  bearing. 

The  oil-pressure  thrust-bearing  consists  of  one  stationary  and 
one  rotating  disk  between  which  oil  is  pumped  under  pressure. 
For  small  loads,  oil  under  pressure  is  not  necessary  and  the  two 
disks  revolve  in  an  oil-bath,  although  for  large  plants  the  load  is 
generally  too  excessive  to  permit  the  use  of  this  latter  type  of 
bearing. 

The  introduction  of  ball-  and  roller-bearings,  which  are  now 
employed  in  every  possible  sphere  of  engineering,  signified  a 
further  advance  in  the  construction  of  thrust-bearings.  Ball-  or 
roller-bearings,  or  both  combined,  have  been  used  as  thrust-beai'ings 
in  connexion  with  vertical  turbines  with  unqualified  success,  and 
have  now  more  or  less  substituted  the  oil-pressure  bearing  with  its 
intricate  system  of  pumps  and  pipe-connexions,  and  thus  removed 
the  danger  attached  to  any  breakdown  of  the  oil-pressure  supply, 
to  which  this  type  of  bearing  was  liable. 

The  most   recent  type  of  thrust-bearing  is  the  "  Kingsbury," 
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which  now  severely  contests  the  place  of  the  roller-bearings,  and 
has  been  adopted  in  America  in  connexion  wdth  most  recent 
vertical  turbine  plants.  The  invention  is  based  on  the  theory  of 
the  wedge-shaped  oil  film  to  support  the  load  as  put  forward  by 
Professor  Osborne  Reynolds  in  his  standard  work  on  "  Theory  of 
Lubrication."* 

The  construction  of  such  a  bearing  is  seen  from  Fig.  13,  and 
consists  as  in  the  case  of  the  oil-pressure  bearing,  of  one  stationary 
and  one  revolving  disk,  the   former  however  being   composed   of 

Fig.  13. — Kingsbury  Thrtcst-Bearing.     Designed  for  180,000  lb.  thrust 
load  at  100  r.p.m.     Outside  Diam.  of  Thrust  Collar  31  inches. 


OVERFLOW 


OIL    DRAIN 


several  segments,  each  of  which  is  mounted  on  a  pivot  to  permit 
the  slight  angular  displacement  relatively  to  the  rotating  disk 
necessary  to  allow  the  film  of  oil  to  assume  the  wedge  form.  The 
outstanding  feature  of  the  Kingsbury  bearing  is  the  very  low 
frictional  loss  as  compared  with  any  other  type  of  thrust-bearing. 
From  tests  made  with  these  bearings  in  connexion  with  a  10,000  h.p. 


*  Phil.  Trans.  1886. 
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voitii-al  tuihinojit.  100  r.p.m.,  tlie  frictiou  loss  amounted  to  from  7^ 
to  10  kw.,  or  i»i>|>roxiiniit«ly  oiic-teiiih  per  ctMit  of  the  total  power, 
wliic-li  fiu-t  M'rvfs  to  rxpliiin  the  very  high  values  of  total  efficiency 
obtiiineil  witli  moilern  vertinil  turbine  plants.  Mot  only  has  the 
hvdniulic  efficiency  been  improved  upon,  but  tlie  mechanical 
efficiency  has,  by  the  adoption  of  efficient  bearings,  attained  a  value 
cla^iely  approaching  100  per  cent. 

It  will  1x3  observed  that  when  running  there  is  no  metallic 
contict,  the  load  being  supported  upon  a  film  of  oil  and  consequently 
permitting  a  very  much  higher  specific  pressure  per  .square  inch  of 
bearing  surface  than  could  be  allowed  in  roller-bearings,  and  hence, 
with  equal  load  and  speed,  the  Kingsbury  bearing  would  have  smaller 
dimen.sions  than  in  the  case  of  any  other  type  of  bearing.  The  load 
to  l)e  supported  at  the  Mississippi  plant  is,  as  before  stated,  255 
tons  ;  the  diameter  of  the  bearing  is  56  inches,  with  a  specific  pressure 
of  350  lb.  per  .square  inch.  As  will  be  seen  from  the  sectional 
drawing,  the  Ijearing  is  placed  between  the  turbine  and  the 
generator  and  is  accessible  from  a  platform  in  the  inspection  shaft. 
The  shaft  has  a  diameter  of  25  inches  in  the  bearing  and  is 
coupli'd  direct  to  the  generator  shaft  by  means  of  a  solid  flanged 
coupling. 

The  turbines  were  tested  in  place,  and  the  efficiency  obtained 
averaged  90  per  cent  for  all  units.  The  generators  are  of  the 
"umbrella"  type  with  a  capacity  of  9,000  kva  at  0-8  power  factor 
and  rated  at  1 1 ,000  volts,  3-phase  current,  25  cycles  and,  designed 
on  the  principle  of  a  revolving  field  inside  a  fixed  armature.  The 
extreme  outside  diameter  is  31  feet  5  inches,  and  the  diameter  of 
the  revolving  field  25  feet  5  inches,  the  guaranteed  efficiency  at 
full  load  being  96-3  per  cent,  including  all  losses  from  friction 
and  windage.  The  electrical  equipment  also  includes  a  step-up 
transformer,  increasing  the  voltage  from  11,000  to  110,000  volts 
for  transmission  to  St.  Louis  at  a  distance  of  144  miles  from  the 
power-house. 

From  this  short  de.scription  of  the  Mississippi  power  plant,  one 
cannot  fail  to  obsei-ve  that,  in  spite  of  the  enormous  size  and 
capacity  of  the  plant,  the  arrangement  is  the  acme  of  compactness 
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and  simplicity  and  does  not  possess  the  objectionable  features 
inherent  to  the  previous  practice  of  multiple  runners.  The 
advantage  of  the  single-runner  type  is  at  once  evident,  if  reference 
is  again  made  to  the  sectional  drawing,  Fig.  12  (page  89).  The 
outstanding  feature  is  the  absence  of  any  submerged  bearings,  and 
the  thrust-bearing,  guide-bearing,  regulating  gear,  and  in  fact  all 
auxiliary  parts  of  the  runner,  are  above  water  level  and  readily 
accessible  for  inspection  and  necessary  repairs.*  The  cost  of 
maintenance  is  less,  and  the  arrangement  with  a  single  suction-tube 
secures  the  highest  possible  efficiency,  together  with  simpler  and 
cheaper  construction  of  the  foundations. 

In  concluding  this  brief  description  of  the  development  of  large 
single-runner  Francis  turbines  for  low  heads,  it  may  again  be 
emphasized  that  this  development  represents  the  most  important 
advances  in  hydro-electric  practice  in  recent  years,  and  since  its 
successful  inauguration  in  1912  it  has  subsequently  been  adopted  in 
a  number  of  prominent  low-head  plants,  including  the  following : — 

Alabama  Power  Company,  Loch  No.  1 2,  Coosa  River : 
6  units — 17,500  b.h.p.  each,  100  r.p.m.,  68  feet  head. 

Cedar  Rapids  Manufacturing  Company,  St.  Lawrence  River, 
Canada:  12  units— 10,800  b.h.p.,  55-6  r.p.m.,  30  feet 
head ;  ultimate  installation  18  units. 

Laurentide  Company  Ltd.,  Grand  Mere,  Quebec,  Canada: 
6  units— 20,000  b.h.p.,  120  r.p.m.,  76  feet  head; 
ultimate  installation  10  units. 

The  turbines  for  the  Cedar  Rapids  are  the  largest  ever 
contemplated,  and  show  a  few  interesting  improvements  over  the 
early  Mississippi  type.  The  most  notable  of  these  improvements 
is  in  the  design  of  the  foundation-ring,  or  the  so-called  "  speed- 
ring,"  which  instead  of  being  cast  in  two  rings,  one  upper  and  one 
lower,  and    connected    by  means  of   stay-bolts,  is   now  cast  with 

*  H.  Birchard  Taylor,  "  Vertical  Shaft  Single-Runner  Turbines  as  Applied 
to  Low  Heads  " — General  Electric  Review,  June,  1913. 
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vanes  connecting  the  two  rings  and  given  iin-shaped  section,  which 
oilers  less  hydraulic  resistance  and  from  a  mechanical  point  of 
view  is  preferable  as  being  a  solid  connexion  between  two  rings, 

Fig.  14. 

Another  point  which  is  worth  mentioning,  and  also  seen  from 
the  sectional  drawing  referred  to,  is  the  practice  of  arranging  the 

Fu;.  li.—Chie  of  the  Ten  main  units  of  the  Cedar  Eapids  Mfg. 
ciiul  Power  Co.,  Canada. 


combined  thrust-bearing  on  the  top  of  the  generator  instead  of 
below  floor  level,  the  advantage  being  greater  accessibility.  The 
Kingsbury  bearing  has  been  employed  throughout  this  plant,  but 
a  novel  feature  has  been  introduced,  the  bearing  being  combined 
with  a  roller-bearing  of  reduced  dimensions.  Normally  the  roller- 
bearing  is  not  in  action,  being  set  with  a  slight  clearance,  but  in 
case  of  weeping  action  of  the  Kingsbury  bearing  taking  place,  it 
would  support  tlie  load  for  a  time,  and  prevent  any  serious 
l>rejikdown  of  the  plant. 

In  tl»e  adoption  of  large  vertical  turbine  units  has  been  found 
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the  solution  of  many  undeveloped  low-fall  hydro-electric  schemes, 
and  even  lai-ger  units  than  hitherto  made  have  been  contemplated, 
and  it  is  safe  to  predict  that  the  undoubted  economic  features  of 
this  type  of  installation  will  lead  to  great  future  progress  in  the 
utilization  of  water-power  under  low  head.  Although  the  vertical 
arrangement  has  not  been  adopted  in  Europe  for  such  large 
developments  as  those  described  of  American  construction  and 
operating  under  heads  of  from  30  to  70  feet,  it  has  been  used 
extensively  for  water-power  developments  under  extremely  low  heads 
up  to  about  10  feet  or  where  large  fluctuations  both  in  height  of 
fall  and  quantity  of  water  render  this  construction  necessary,  the 
usual  method  being  to  employ  two  or  more  runners  on  the  same 
shaft,  of  which  only  one  or  two  are  operating  under  low-fall 
periods. 

The  Chester  Municipal  Hydro-Electric  Power  Station  is  a 
typical  extreme  low-fall  development  operating  under  an  average 
head  of  7  feet,  although  during  certain  periods  of  the  year  the 
head  falls  as  low  as  5  feet  and  sometimes  reaches  a  maximum  of 
9  feet.  A  section  and  End  elevation  of  the  power-house  is  shown 
in  Figs.  15  and  16  (pages  96-7),  the  plant  comprising  two  units 
designed  for  a  quantity  of  water  of  30,000  cubic  feet  per  minute, 
and  one  smaller  unit  to  deal  with  22,000  cubic  feet  per  minute,  all 
under  a  maximum  head  of  9  feet,  corresponding  to  an  output  of 
415  h.p.  for  the  larger  and  305  h.p.  for  the  small  unit,  the  speed 
being  50  and  55  r.p.m.  respectively. 

Each  turbine  is  set  in  a  rectangular  concrete  pit,  with  concrete- 
lined  suction-tube.  The  cast-iron  regulating  ring  on  the  turbine 
is  connected  to  each  guide-vane  by  means  of  pins  and  levers  and 
is  operated  by  hand  from  the  power-house  floor,  and  the  submerged 
guide-bearing  on  the  top  of  the  casing  is  lined  with  babbit-metal 
and  grease-lubricated  through  pipes  from  floor  level.  The  vertical 
shaft  is  supported  by  a  collar  thrust-bearing  running  in  oil  bath 
and  combined  with  guide-bearing  to  take  the  side  thrust  from  the 
heliciil  bevel-wheels,  which  transmit  the  power  through  a  flexible 
coupling  to  the  d.c.  generators  arranged  with  horizontal  shaft. 

The  position  of  the  power-house  is  such  that  it  is  aflfected  by  tidal 
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water,  hence  a  frequent  variation  of  fall  which  had  to  be  taken 
into  consideration  when  designing  the  turbine  plant;  and  as  the 
load  can  be  kept  practically  constant,  the  turbines  are  not  equipped 
with  automatic  governors,  but  are  operated  entirely  by  hand  and 


Fig.  16. — End  Elevation  of  Large  Turbine. 
Chester  Hydro- Electric  Plant. 


ca.le  of  Feet 
10  15 


work  with  full  gate -opening  as  far  as  permissible,  while  the  speed 
varies  according  to  the  fall  available.  This  arrangement  secures 
the  maximum  output  under  the  prevailing  conditions. 


B.  Horizontal  Low-pressure  Turbine  Plants. —  The  Hydro- 
Electric  Power  Station  at  Forshulten,  Sweden,  represents  a  typical 
plant  of  this  arrangement,  of  which  a  section  is  shown  in  Fig.  17. 
The  units,  of  which  there  are  six  in  operation,  are  arranged  with 
double  runners  on  horizontal  shaft  with  an  output  of  .3000  h.p., 
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ench  running  at  187  r.p.m.  under  a  net  fall  of  42-6  feet  and  placed 
in  open  conrrote  pits  protected  by  sluice  and  strainer-racks,  the 
two  runners  ilischarging  into  a  common  Gist-iron  suction  cjising 
designed  with  easy  curves  diverting  the  water  to  the  suction  tube. 

Fig.  n.— Hydro- Electric  Potver  Station  at  Forslmlten,  Sweden. 


The  shaft  is  supported  at  each  runner  on  two  outside  ring 
lubriciited  bearings,  in  addition  to  a  babbit-lined  automatically 
grease-lubricated  bearing  inside  the  suction-casing.  The  practice 
of  providing  horizontal  turbines  with  lignum  vitfe  under-water 
bearings  lias  now  been  discontinued  in  f.avour  of  outside  ring  oil- 
lubriciited  Ijearings,  the  Ijciring  on  the  inlet  side  being  made 
accessible   through   an    inspection   tunnel   as  in    the    present  case. 
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or  through  a  vertical  steel  funnel  protruding  above  high-water 
mark. 

More  than  usual  interest  is  presented  by  the  arrangement 
adopted  at  Mockfjaerden  Hydro-Electric  Power  Station,  Sweden, 
on  account  of  the  power-house  being  situated  underground  and 
using  open  turbines  under  the  relatively  high  fall  of  72  feet.  The 
arrangement  of  the  plant  is  seen  from  Fig.  18  (page  100),  and 
comprises  four  units  each  having  an  output  of  5,000  b.h.p,  at 
225  r.p.m.  with  double  runners  on  horizontal  shafts.  Each  turbine 
is  placed  at  the  bottom  of  a  concrete-lined  shaft  and  discharges 
into  the  common  tail-race  tunnel.  The  power-house  is  blasted  out 
of  solid  rock,  the  floor  level  being  approximately  70  feet  below  the 
surface,  whereas  the  switchboard  and  transformers  are  housed  in 
a  separate  buUding  on  ground  level  and  communicate  with  the 
power-house  below  through  an  inclined  shaft.  The  alternators  are 
directly  connected  to  the  turbine-shaft  and,  due  to  the  underground 
situation,  special  arrangements  had  to  be  made  to  ensui-e  sufficient 
cooling.  For  this  purpose  the  alternators  are  totally  enclosed  and 
cold  air  is  forced  down  a  separate  shaft  and  distributed  through 
underground  ducts  to  each  alternator,  the  hot  air  escaping  from 
the  top  of  the  housing  and  expelled  through  the  vertical  shaft 
communicating  with  the  surface. 

The  foregoing  turbine  plants  will  suffice  to  illustrate  the  various 
modes  of  arrangement  of  open  low-pressure  turbines,  and  no  doubt 
has  conveyed  that  no  hard-and-fast  rule  can  be  laid  down  as  to  the 
adoption  of  any  particular  type,  this  being  entii-ely  dependent  on  the 
natm-e  of  the  available  head,  the  topographical  and  other  local 
conditions.  It  is  the  study  of  these  conditions  for  each  individual 
case  and  the  adoption  of  the  type  of  turbine  best  suited  to  fulfil 
these  requirements,  which  has  influenced  the  modern  development 
of  water-power  installations  and  contributed  to  the  economical 
utilization  of  low  falls. 

Medium-Pressure  Francis  Turbines. — The  leading  features  of  this 
type  of  installation  are  that  the  turbines  are  totally  enclosed  either 
in   a   cylindrical  or   spiral  casing,  the   former   generally  adopted 
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f„r  meaium  aiul  the  latter  for  high  pressure,  although  the 
spinil  casing,  in'  spite  of  increased  manufacturing  cost,  is  now 
commonly  adopted  also  for  mediuui  pressure  plants.     As  a  rule, 
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horizontil-shaft  turbines  are  employed,  but  also  in  this  case 
American  Engineers  have  lately  shown  a  marked  preference 
for  verticiil  shaft  turbines  for  medium  heads,  enclosed  in  spiral 
uisings. 
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A  typical  medium  pressure  installatiou  with  horizontal  shaft 
is  the  TroUhiittiiu  Hydi'o-Electric  Power  Stiition,  Sweden,  of 
which  Fig.  19  shows  a  section  of  the  power-house.  The  fall 
available  is  106  feet,  and  eight  units  each  having  a  maximum 
output  of  12,500  h.p.  at  187*5  revolutions  are  installed.  Each  unit 
consists  of  a  double  Francis  turbine  enclosed  in  casing  of  riveted 
steel-plate ;  the  water  enters  the  casing  axially  direct  from  the 
penstock  and  is  gradually  diverted  to  all  sides  of  the  turbine  by  the 


Fig.  19.— Section  through  Power- Station 
and  Intake  Building,  Trollhattan. 

Diam.  of  penstock  13'  6" 


conical  end-shield  forming  part  of  the  inner  inspection  chamber. 
The  regulating  gears  for  the  guide-apparatus  are  also  situated 
outside,  accessible  at  any  time  for  lubrication  and  inspection.  This 
featui'e  of  turbine  design  eliminating  under-water  beai'ings  and 
regulating  gear  is  of  course  of  great  value  for  large  plants  in 
continuous  operation  for  long  periods,  where  interruption  of  service 
necessary  for  inspection  of  bearings  or  other  parts  situated  under 
water  cannot  be  permitted.  In  addition,  the  guide-apparatus  has 
in  this  case  been  designed  in  such  a  manner  enabling  each  separate 
guide-vane  to  be  renewed  without  dismantling  any  other  part  of 
the  turbine,  with  a  view  to  reducing  to  a  minimum  any  interruption 
of  service  necessary  to  affect  repairs. 

Although  the  horizontal  arrangement  of  medium-pressure  plants 
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lifts  been  iulojilftl  in  a  laigr  iniiiilior  of  installations  in  America, 
recent  ilesigns  have,  as  alnady  stated,  again  displayed  the 
profercnco  for  vertical  arrangement  entertained  in  that  country 
nnd  the  tendency  of  using  this  construction  wherever  local 
conditions  permit.  A  typical  instance  of  this  construction  is 
shown  in  Fig.  20  (pj^ge  103),  representing  a  section  through  a  unit 
at  the  Gatun  Lock  Hydro-Electric  Power-Station,  Panama  Canal. 
This  station  is  at  present  equipped  I  with  three  units  with  an  output 
of  ."^,600  b.h.p.  each  when  operating  under  an  effective  head  of 
75  feet  at  a  normal  speed  of  250  r.p.m.  The  turbines  are  set 
vertically  in  a  cast-iron  spiral  casing  connected  to  the  penstock. 
The  runner  is  cast  solid  in  bronze  and  designed  to  eliminate  water 
pressure  on  the  top,  so  that  an  upward  thrust  is  exerted  relieving 
the  thrust-bearing  of  one-third  of  the  static  load.  The  generator 
is  placed  direct  on  a  cast-iron  distance  ring  7  feet  6  inches  high 
connected  to  the  spiral  casing  through  which  the  Avhole  weight  of 
the  unit  is  transmitted  to  the  foundations.  The  foundation-ring 
also  carries  the  oil-pressure  governor  driven  from  the  vertical 
shaft  by  means  of  bevel-wheels.  The  roller  thrust-bearing  is  placed 
on  the  top  of  the  generator,  in  addition  to  which  there  are  two 
automatic  oil-lubricated  guide-bearings,  one  immediately  below  the 
thrust-bearing  and  one  at  the  turbine  end  of  the  shaft. 

Identical  design  and  construction  has  been  adopted  for  a  large 
number  of  plants,  notably  the  plant  for  the  Tallassee  Power 
Company,  which  turbines  are  designed  for  the  largest  output 
installed  up  to  the  present  moment,  each  turbine  having  an  output 
of  31,000  h.p.  with  a  speed  of  154  r.p.m.  under  a  net  head  of 
180  feet  and  a  guaranteed  efficiency  of  90  per  cent. 

The  Hydro-Electric  Power  Commission  of  Ontario  contemplates 
the  installing  of  four  vertical  single  runner  turbines  at  the 
Chippawa-Queenston  plant,  having  an  output  of  52,500  b.h.p.  per 
unit  at  187*5  r.p.m.  under  an  effective  head  of  305  feet. 

The  vertical  arrangement  of  medium-pressure  turbines  has  been 
more  seldom  employed  in  Europe,  having  only  been  adopted  where 
its  use  has  been  warranted  on  account  of  local  conditions  in 
preference  to  the  horizontal  construction  as,  for  instjiuce,  at  the 
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Fig.  20. — Cross- Section  through  Waterwlieel,  Generator,  and  Exciter, 
Gatun  Lock  Installation,  Panama  Canal. 
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Seros  Power  Station  of  the  Barcelona  Light  and  Railway  Company, 

Spain. 

A  uni.jue  installation  of  the  medium-pressure  type  turbine  is 
the  Torjus  Tow.'r  Station,  Sweden.  As  in  the  case  of  the 
MockfjaenK'n  Power  Station,  this  plant  is  also  situated  underground, 
l.ut  the  turbines  are  enclosed  in  steel  casings  and  placed  at 
the  bottom  of  the  intake-shafts  about  IGO  feet  below  ground 
level.  The  vertical  shafts  are  cut  through  solid  rock  and 
provided  with  liners  of  steel  pipes  with  an  internal  diameter  of 
11  feet  6  inches  and  with  flanged  connexion  to  the  turbine- 
casing.  There  are  five  units  with  an  average  capacity  of  12,500 
h.p.  each  under  a  net  fall  of  163  feet  running  at  225  r.p.m. 
The  turbines  are  of  the  double  type  with  two  runners,  discharging 
into  the  common  suction-casing.  The  power-house  is  also  blasted 
out  of  solid  rock,  and  is  36  feet  wide  and  310  feet  long, 
communicating  with  the  turbine  chambers  through  the  short 
tunnels  which  accommodate  the  shaft  extension  connecting 
turbines  and  alternators. 

The  roof  is  supported  on  a  strong  concrete  arch,  and  by  the 
provision  of  false  walls  and  roofs  leaving  a  space  between  the  rock 
and  the  walls  through  which  warm  exhaust  air  from  the  generator 
is  allowed  to  pass,  all  damp  is  prevented  from  penetrating  into  the 
power-house.  The  generators  have  a  normal  output  of  11,000  kva 
and  10,000  to  11,000  volts  3-phase  current.  The  necessary 
switchgear  and  transformers  are  also  in  this  case  placed  in  a 
separate  building  on  ground  level,  a  shaft  providing  communication 
between  this  building  and  the  power-house  below,  through  which 
the  liea\'y  parts  of  the  machinery  can  be  lowered,  in  addition  to 
which,  there  is  lift  accommodation  both  for  })assenger8  and  goods. 
The  line  voltage  is  80,000,  the  power  being  utilized  for  railway 
traction  and  for  mining  purposes. 

Finally,  as  an  instructive  example  of  the  arrangement  of  the 
medium-pressure  turbine  with  horizontal  shaft  and  spiral  casing, 
Fig.  21  (page  105)  shows  a  section  through  a  unit  of  Massaboden 
Uydro-Electric  plant  used  in  connexion  with  the  Simplon  Tunnel 
in  Switzerland.     Each  unit  is  capable  of   developing  3,500  b.h.p. 
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under  a  nefc  head  of  142  feet  at  500  r.p.m.  The  turbine  is 
equipped  with  two  runners  cast  back  to  back  in  one  piece,  the 
outside  bearing  being  arranged  with  thrust-collars  to  take  up  any 
unbalanced  thrust  in  axial  direction. 

Fig.  21.— One  of  Two  Turbines  of  3,500  H.P.,  Massahodcn. 


In  concluding  this  brief  reference  to  medium-pressure  plants  it 
is  a  noteworthy  fact  that,  as  in  the  case  of  low-pressure  turbines, 
recent  developments,  at  any  rate  in  America,  seem  to  favour  the 
single  runner  units,  on  account  of  the  higher  mechanical  overall 
efficiency  obtained  and  less  foundation  work  coupled  with  lower 
initial  cost,  although  each  individual  case  has  to  be  decided  on  its 
own   merits   and   considered    in    conjunction   with    other   factors 
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•U<iwiuliiii,'  on  local  conditions.  It  is,  however,  interesting  to  quote 
!is  !in  instnnco  that  tiie  Stjivo  Falls  Hydro- Electric  Plant,  owned  by 
the  Western  Canadian  Power  Company,  in  1909  installed  four 
horizontiil  double  turbines,  each  of  13,000  h.p.  under  a  net  fall  of 
110  foot  enclosed  in  casing,  similarly  arranged  as  the  TroUlmttan 
plant  just  described.  The  General  Manager  of  the  Company  in  a 
Paper  read  Ijefore  the  Canadian  Society  of  Civil  Engineers  in 
October  1915,  stated  that  had  this  plant  been  designed  three  or 
four  yejirs  later,  the  vertical  type  of  single  runner  would  without 
doubt  liave  been  adopted,  not  only  on  account  of  its  higher 
efficiency  but  because  it  would  have  made  possible  a  considerable 
saving  in  the  cost  of  the  power-house. 

III<jh-Pre8snrv  Francis  Tiirhlnes. — Much  attention  has  of  late 
l)een  focussed  on  the  development  of  low  and  medium  Francis 
turbines,  but  nevertheless  the  high-pressure  Francis  turbine  has 
shared  in  the  remarkiible  and  rapid  development  and  improvement 
in  design  of  the  hydraulic  turbine.  The  most  notable  feature  of 
the  progress  in  the  case  of  the  high-pressure  turbine  is  its  adoption 
for  a  very  much  higher  head  than  ever  contemplated  until  a  few 
years  ago,  and  this  has  considerably  increased  the  field  for  the 
employment  of  the  Francis  turbine,  in  fact,  under  certain  conditions, 
it  even  rivals  the  Pelton  Wheel  which,  until  recently,  was  the 
only  accepted  type  of  turbine  to  be  adopted  for  high  heads. 

Whereas  only  ten  years  ago  Francis  turbines  working  under 
300  to  400  feet  head  were  indeed  considered  high-pressure  turbines, 
to-day  Francis  turbines  utilizing  a  head  of  from  500  to  600  feet  are 
not  uncommon,  the  highest  fall  for  which  a  Francis  turbine  has 
lH.'en  designed  being  approximately  745  feet.*  The  reason  for  the 
development  of  the  Francis  turbine  for  high  pressures  is  again  due 
to  the  modern  tendency  of  larger  capacity  per  unit  coupled  with 
maximum  permissible  speed  to  reduce  the  cost  of  the  electric 
generators.  This  fact  is  easily  appreciated  if  reference  is  again 
made  to  the  conditions  of  the  specific  speed  which  is  the  governing 
factor  for  the  type  of  turbine  to  be  employed. 


*  E.  H.  da  Serra  do  EstroUa,  Spain. 
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As  already  stated  the  lowest  limit  for  employment  of  a  Francis 
turbine  with  a  commercial  efficiency  corresponds  to  a  specific  speed 
of  approximately  11  (49).  On  the  other  hand  the  maximum  specific 
speed  for  a  single-jet  Pelton  Wheel  is  approximately  5  (23)  which 
reveals  the  existence  of  a  "  missing  link  "  corresponding  to  a  specific 
speed  of  from  5  to  11  (23-49)  under  which  conditions  neither  a 
Francis  turbine  nor  a  single-jet  impulse  wheel  can  be  efficiently 
employed.  For  a  given  set  of  conditions  corresponding  to  a  specific 
speed  within  these  limits,  it  has  been  necessary  to  use  Pelton  Wheels 
with  two  or  moi'e  jets,  or  two  single-jet  Pelton  Wheels,  oije  on  each 
end  of  the  generator-shaft.  The  present  tendency,  however,  of 
increasing  the  capacity  together  with  a  higher  actual  speed,  would 
correspondingly  increase  the  specific  speed  and  bring  it  within  the 
limits  of  the  Francis  turbine  where  previously  Pelton  Wheels  only 
would  be  used.  This  fact,  in  addition  to  the  introduction  of  high- 
speed generators  also  for  large  capacities  due  to  the  development 
of  the  steam-turbine,  have  equally  contributed  to  this  important 
extension  of  the  field  for  employing  Francis  turbines. 

As  a  result,  the  design  of  the  Francis  turbine  has  been  modified 
and  improved  to  answer  the  additional  requirements  of  water 
turbines  working  under  high  pressure,  and,  as  already  stated,  has 
now  been  employed  under  heads  of  approximately  745  feet.  In 
its  early  stage,  this  new  departure  in  the  design  of  Francis  turbines 
was  not  free  from  adverse  criticism,  as  it  was  feared  that  owing  to 
the  high  velocities  of  the  water  when  passing  through  the  runner, 
excessive  wear  and  erosion  would  not  only  reduce  the  efficiency 
of  the  turbine  in  a  short  time,  but  also  increase  the  cost  of 
maintenance  as  compared  with  high-pressure  impulse-wheels.  The 
improved  design,  securing  proper  acceleration  of  the  water  through 
the  turbine  and  eliminating  the  formation  of  eddies,  together  with 
careful  selection  of  the  material  for  the  runners  have,  however, 
enabled  the  high-pressure  turbine  to  answer  the  requirements  fully 
and  successfully  to  stand  the  severe  test  to  which  it  has  been  subjected, 
and  there  exists  no  reason  why  this  type  of  turbine,  where  the 
conditions  permit,  should  not  be  employed  up  to  a  head  of 
approximately  1,000  feet. 


lOS 
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One  of  the  earliest  high-pressure  plants  was  the  turbine  installed 
by  the  California  Cas  and  Electric  Corporation,  of  which  a  section 
is  shown  in  Fig.  22  and  which  has  been  in  service  since 
lim?  with  most  successful  results.  The  plant  consists  of  a  single- 
runner  turbine  in  spiral  casing  with  a  capacity  of  9,700  h.p.  under 


Kic.  22.— Turbine  for  California  Gas 

and  Electric  Corporation. 

Scale  abiiut  .Ath. 


a  net  head  of  512  feet  and  a  speed  of  400  r.p.m.,  thus  corresponding 
tea  specific  speed  of  14 "75  (65*5).  Without  exception  the  high- 
pressure  turbine  is  designed  with  horizontal  shaft  for  direct 
connexion  to  generator  and  provided  with  single  or  double  runner 
enclosed  in  spiral  casing.  The  guide-vanes  are  forged  solid  with 
a  spindle  passing  through  metal-lined  packing-boxes,  and  externally 
connected  to  the  regulating  ring  by  means  of  links  and  levers. 
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The  selection  of  the  most  suitable  material  for  the  runner  to 
withstand  corrosion  or  pitting  due  to  chemical  action,  was  a  factor 
of  great  concern  in  the  early  development  of  high-pressure  turbines, 
but  recent  investigations  have  established  the  now  generally 
accepted  theory,  that  the  primary  cause  of  pitting  is  due  to  faulty 
design  of  the  runner  resulting  in  the  formation  of  eddies,  from 
which  free  oxygen  is  dissociated  on  account  of  the  high  velocity  of 
the  water  at  these  points.  Corrosion  can  therefore  be  entirely 
eliminated  by  correct  design  of  the  water-passages  and  the  selecti  Dn 
of  the  runner  material  from  this  point  of  view  is  of  less  importan(;e. 
On  the  other  hand  the  erosive  action  caused  by  sand  or  other 
foreign  matters  carried  in  the  water  is  more  difficult  to  guard 
against,  and  where  the  conditions  of  the  water  are  such  so  as  to 
make  it  liable  to  produce  erosion,  the  turbine  inside  the  casing  is 
fitted  with  renewable  liners  of  cast  steel,  which  material,  owing  to 
its  hard  surface  skin,  probably  oflfers  better  resistance  against 
erosion  than  any  other  material.  The  mnner  is  also  in  such  cases 
made  of  cast-steel,  but  for  smaller  diameter  runners  with  narrow 
inlets  phosphor-bronze  is  used  to  obtain  a  cleaner  casting.  Where 
sand,  however,  is  carried  in  any  appreciable  quantity  suitable 
arrangements  are  made  at  the  intake  so  that  the  sand  can  settle 
and  not  be  carried  into  the  turbine.  Where  the  water  is 
comparatively  free  from  grit  cast-iron  runners  are  now  used  to  a 
great  extent,  even  under  the  highest  head,  as  on  account  of  its 
smooth  surface,  as  compared  with  cast  steel,  it  is  less  susceptible 
to  pitting,  and  only  when  the  peripheral  speed  does  not  permit  its 
use  is  steel  cast  resorted  to. 

For  turbines  working  under  high  heads,  it  is  at  once  recognized 
that  the  axial  thrust  must  be  eliminated  by  the  most  reliable 
method  in  order  to  ensure  freedom  from  breakdown  and  continuous 
operation.  When  permissible  the  double-runner  type  of  turbine 
is  employed  as  no  special  thrust-bearing  is  required,  the  only 
precaution  necessary  is  to  provide  the  shaft  with  a  thrust-collar 
to  take  up  any  unbalanced  pressure  due  to  unequal  wear  of  the 
runners.  In  the  case  of  the  single-runner  type,  the  elimination 
gf  the  axial  thrust  is  one  of  the  most  vital  considerations  of  its 
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design  and  various  methods  have  been  adopted,  but  in  recent 
jiractice  the  aim  has  been  to  simplify  its  design  and  rely  on 
liydniulic  nither  than  mechanical  means  for  balancing  the  thrust. 

It  is  evident  that  the  often  considerable  end-thrust  in  high- 
pressure  turbines  could  not  be  sufficiently  eliminated  by  means  of 
holes  Ciist  in  the  runner  communicixting  with  the  suction  side  as 
used  for  low  and  medium  pressures,  and  additional  means  had  to  be 
employed  to  equalize  the  end-thrust,  principally  due  to  the  static 
pressure  behind  the  runner  caused  by  leakage  through  the  annular 
space  between  the  runner  and  guide-casing.  Thrust-chambers  and 
thrust- pistons  were  among  the  first  devices  adopted  for  this  purpose. 
The  former  device  consisted  of  providing  a  space  between  the 
runner  and  the  casing  at  the  suction  side  in  which  pressure-water 
was  admitted  so  as  to  balance  the  pressure  at  the  back  of  the  runner. 
Where  the  shape  of  the  runner  did  not  permit  this  design,  the  same 
principle  was  applied  by  using  a  balancing  piston,  the  shaft  being 
enlarged  to  act  as  a  piston  fitted  in  a  gun-metal  lined  cylinder,  the 
space  in  front  of  the  piston  being  connected  to  the  pressure  side 
on  the  turbine  and  exerting  a  pressure  opposing  the  pressure  at 
the  back  of  the  runner. 

In  each  case,  the  pressure  was  regulated  by  hand  by  means  of  a 
valve  and  adjusted  to  establish  equilibrium  at  the  normal  output  of 
the  turbine  and  at  other  gate-openings  the  collar-bearing  would 
take  up  the  unbalanced  thrust.  In  addition,  both  the  thrust- 
chamber  and  piston  were  connected  to  the  suction-tube  through  a 
sepai-ate  valve,  so  that  in  the  event  of  the  pressure  due  to  unequal 
wear  of  the  runner,  exceeding  the  pressure  at  the  back,  it  could 
thus  be  relieved.  A  balanced  runner  of  modern  design  is  shown  in 
Fig.  23,  the  area  of  the  runner  at  A  and  B  being  equal  and  leakage 
prevented  by  hydraulic  labyrinth  joints  lind  any  unbalanced  thrust 
is  tiiken  up  by  the  combined  journal  and  thrust  ball  bearing. 

Another  modern  arrangement  is  illustrated  in  Fig  24,  the  space 
behind  the  runner  being  connected  with  the  suction-tube  through 
an  amply  dimensioned  pipe  sufficient  to  reduce  the  end-thrust  on 
tlio  collar  bearing  within  permissible  limits.  The  clearance  between 
the  runner  and  casing  is  kept  very  small  and  leakage  prevented  by 


Jan.  1920. 


RECENT    UTILIZATION   OF   WATER-rOWER. 


Ill 


m 

eo 

CJ 

fN 

Ua 

rt 

»>4 

N 

W2  HKCEXT    ITILIZATION   OF    WATEK-l'OWER.  Jan.  1920. 

Ijib}Tinth  joints.  In  special  cjises,  to  reduce  the  wear  a  steel-ring 
is  shrunk  on  to  the  rim  of  the  runner  and  a  corresponding 
renewable  liner  fitted  to  the  casing.  This  figure  also  affords  an 
illustration  of  the  arrangement  with  overhanging  runner  which  has 
the  pi-incip:il  advuntage  of  giving  a  free  and  unobstructed  discharge 
through  the  suction  bend. 

The  hydmulic  balancing  devices  have  been  still  further  improved 
by  combining  automatic  action.  The  first  design  carried  out  on 
this  principle  consisted  of  a  thrust-plate  attached  to  the  shaft,  and 
enclosetl  in  a  casing  to  which  the  pressure-water  was  admitted. 
The  shaft  with  the  runner  was  given  a  slight  clearance  permitting 
the  movement  in  axial  direction  and  the  pressure  on  the  thrust- 
plate  was  automaticjilly  i-egulated  through  the  leakage  between  a 
shoulder  on  the  plat©  and  a  facing  on  the  casing,  a  device  which  is 
well-known  as  being  now  employed  in  all  modern  turbine-pumps.* 
In  applying  this  automatic  device  in  connexion  with  recent  high- 
pressure  turbines,  the  runner  itself  has  been  designed  to  substitute 
the  thrust-plate  as  shown  in  Fig.  25  (page  111).  The  clearance  on 
each  side  of  the  runner  is  only  0  •  02  inch,  but  from  actual  practice 
it  has  been  ascertained  that  the  maximum  movement  which  takes 
place  to  reach  the  ultimate  running  position  with  equilibrium 
established  on  both  sides  of  the  runner,  hardly  exceeds  0*025  inch. 
If  propei'ly  designed  this  method  is  entirely  automatic  in  its  action, 
and  has  been  used  in  turbines  of  even  up  to  12,000  h.p.  without 
the  addition  of  any  mechanical  thrust-bearing. 

Speed  Regulation 

The  development  of  the  design  and  construction  of  governors 
has  naturally  been  dosely  bound  up  with  the  general  advances  in 
the  design  of  Francis  turbines.  In  fact,  it  may  be  stated  without 
exaggeration  that  the  progress  in  the  application  of  water-turbines 
is  to  a  great  extent  due  to  the  satisfactory  solution  of  the  governor 
problem  aa  the   provision  of  a  quick  acting   and   reliable   speed- 


*  A.  E.  L.  Cborlton.     "Notes  on  the   construction  of  Turbine  Pumps.'' 
I'roceediDgH,  I.Mech.E.,  l'J17,  iiagc  361J 
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controlling  device  forms  one  of   the   most  important  features  of 
hydro-electric  development. 

The    old    type    of    meclianical    governor    of    which    Fig.    26 
shows   a   well-known  example,  proved   totally  inadequate   for  tlie 


Fig.  26. — Mechanical  Governor. 


needs  of  efficient  speed-control  in  connexion  with  hydraulically 
driven  generators.  As  a  consequence  the  hydraulic  type  of  governor 
was  evolved  which  in  the  first  place  was  actuated  by  the  water 
pressure,  but  later,  however,  was  substituted  by  oil  pressure  in  order 
to  eliminate  several  bad  features  of  the  water-pressure  governor, 
that  is,  sticking  due  to  gritty  water,  and  liability  to  corrosion  of 
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the  various  uiechaniail  parts.  Tho  automatic  oil-pressuro  type  of 
governor  hi\s  been  stejidily  improved  and  has  now  reached  a  high 
state  of  perfection,  possessing  all  the  qualities  required  by  modern 
practice  for  effective  and  reliable  speed-control. 


Fio.  21.— Diagram  shoiving  the  iwimiple  of  an 
Oil-pressure  Oovernor. 


Device  to  obtain 

a  constant  speed 

at  all  loads. 
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C    I  P        TO     OPEI 


Although  a  large  number  of  oil-pressure  governors  have  been 
introduced,  all  embodying  different  mechanical  construction,  the 
same  principle  of  operation  has  been  retained  as  is  shown 
diagrammatically  in  Fig.  27  where  A  represents  oil-pump, 
B  oil-pressure  receiver,  C  Servo-motor  or  hydraulic  cylinder, 
U  Distributing  valve,  E  Centrifugal  pendulum,  and  F  Relay  motion 
or  anti-racing  mechanism.  The  pump  as  well  as  the  pendulum  is 
driven  from  the  turbine-shaft,  and  if  the  turbine  is  running  at  its 
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uormal  speed  the  penduluiu  is  so  adjusted  that  the  sleeve  L  as  well 
as  the  distributing  valve  D  would  be  in  the  central  positions  as 
indicated  on  the  diagram.  If,  however,  the  load  on  the  turbine 
should  decrease  and  consequently  the  speed  increase,  the  sleeve  L 
would  rise,  in  turn  lifting  the  valve  D  through  the  lever  0  with  Z 
as  a  fulcrum,  causing  the  oil-pressure  from  the  pressure-receiver  to 
be  admitted  on  the  left  side  of  the  servo-motor  piston  and  moving 
the  guide-vanes  in  the  closing  direction  through  the  governor-shaft 
R.  At  the  moment  the  shaft  K.  starts  to  turn,  however,  the  lever  F 
will  move,  in  this  instance  downwards,  and  lower  the  connecting- 
rod  J,  consequently  bringing  the  distributing  valve  back  to  its 
central  position  through  the  lever  O  with  the  point  L  as  a  temporary 
fulcrum.  The  pressure  supply  to  the  servo-motor  is  thus  cut  off 
and  prevents  the  gates  on  the  turbines  from  closing  further  than 
necessary  to  establish  equilibrium  between  the  load  and  corresponding 
output  of  the  turbine.  By  means  of  the  small  hand-wheel  K  on 
the  relay  motion,  the  connecting-rod  J  can  be  either  shortened  or 
lengthened,  thus  enabling  the  speed  of  the  turbine  to  be  slightly 
decreased  or  increased  during  running,  independent  of  the  load. 

In  this  arrangement  of  governor  each  position  of  the  guide-vanes 
corresponds  to  a  certain  position  of  the  governor-sleeve,  the 
difference  in  speed  between  "  full "  and  "  no  load  "  depending  on  the 
degree  of  irregularity  of  the  governor,  usually  3  to  5  per  cent. 
Under  certain  conditions  it  may,  however,  be  necessary  to 
increase  the  degree  of  irregularity  even  up  to  10  to  12  per  cent,  to 
obtain  stable  governing  conditions,  and  as  this  speed  variation  could 
not  be  permitted  in  connexion  with  alternators  coupled  in  parallel, 
such  governors  are  now  provided  with  a  device  to  obtain  a  constant 
speed  at  all  loads.  This  arrangement  is  shown  in  diagram  Fig.  27 
(page  114). 

The  principle  of  this  device  is  that  instead  of  the  relay  motion - 
gear  forming  a  rigid  connexion  between  the  pendulum-lever  and 
governor-shaft  as  before  described,  the  connecting-rod  J  is  fitted 
with  an  oil  dashpot  with  springs,  which  after  each  regular  movement 
brings  the  pendulum-sleeve  back  to  its  central  position,  thus 
maintaining  constant  speed  corresponding  to  the  speed  for  which 
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the  governor  lias  been  adjusted.  The  dashpot  M  consists  of  a 
fvlinder  with  a  piston  and  an  inter-communicating  pipe  allowing 
the  oil  in  the  cylinder  to  dow  from  one  side  to  the  other,  the  rate 
of  flow  being  controlled  by  the  adjusting  screw  N.  When  a  load 
change  occurs  in  either  direction  the  relay  motion  will  come  into 
opiM-ation  us  before  described,  but  as  the  oil  in  the  dashpot  cannot 
jvuis  <|uickly  enough  from  one  side  of  the  piston  to  the  other,  the 
connexion  between  the  pendulum  lever  and  governor  shafts  can 
be  considered  us  rigid  and  the  dashpot  cylinder  will  follow  the 
movement  of  the  piston  and  bring  the  distributing  valve  back  to 
its  central  position.  The  springs  P  attached  to  the  cylinder,  each 
of  which  is  compressed  or  under  tension  according  to  the  direction 
of  the  movement  of  the  piston  will  however  bring  the  cylinder 
biick  and  thereby  the  Ipoint  Z  to  its  previous  position,  the  piston 
remaining  stationaiy.  With  the  movement  of  the  point  Z  the 
distributing  valve  will  again  cixuse  the  governor  either  to  open  or 
close,  thus  adjusting  the  speed  until  L  takes  up  its  central  position 
corresponding  to  constant  speed  on  the  turbine. 

Fig.  28  (page  117)  shows  an  outside  view  of  e,  type  of  oil- 
pressure  governor  built  on  the  principle  described.  It  will  be 
observed  that  the  whole  governor  is  self-contained  on  its  own  bed- 
plate which  at  the  same  time  serves  as  an  oil  supply-tank,  the 
governor-shaft  being  connected  to  the  guide-apparatus  on  the 
turbine  by  means  of  levers  and  connecting-rods.  This  type  of 
governor  is  now  made  in  standard  series  in  varying  sizes  and  power 
ranging  from  350  to  40,000  foot-lb.  capacity.  In  addition  to  the 
hand-wheel  on  the  relay  motion-gear,  by  means  of  which  the 
turbine  gates  can  be  controlled  by  hand  at  any  time  or  used  to  shut 
down,  a  mechanical  hand-operating  gear  is  provided  for  the  same 
purpose,  the  change-over  from  automatic  to  mechanical  control 
being  possible  during  running.  The  distributing  valve  on  which 
the  quickness  and  smoothness  of  the  governor  action,  and  the 
accuracy  with  which  it  responds  to  the  speed  variation  to  a  great 
extent  depends,  generally  consists  of  a  relay-valve  controlling  the 
ports  connecting  the  pressure  receiver  with  the  servo-motor  which 
ni  turn  is  controlled  by  a  pilot-valve  actuated  by  the  pendulum. 
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The  distributing  valve  in  Fig.  29  shows  a  typical  design,  the 
relay-valve  being  entirely  balanced  by  oil  pressure  in  its  central 
position.     The  pilot-valve,  however,  controls  the  oil  pressure  on 

Fig.  28. — Automatic  Oil-pressure  Governor. 
(Sizes  varying  from  350  to  40,000  ft.-lb.  capacity.) 


both  sides  ot  the  relay- valve,  and  when  lifted  or  lowered  by  the 
governor  pendulum,  relieves  the  oil  pressure  either  at  the  top  or 
bottom  of  the  relay-valve,  thus  permitting  the  pressure  oil  to  enter 
the  servo-motor.  As  the  relay-valve  is  floating  in  oil,  the  friction 
is  infinitesimal,  and  as   the  valve  only  overlaps   less  than  1  mm. 
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Ht  the  pc.its,  the  "dead  time"  is  brought  to  a  minimum  and 
i-oiise(|uently  tlio  uction  of  the  governor  is  instantaneous.  By 
restricting  tlio  stroke  of  the  rehiy-valve  by  the  screw  on  the  top  of 


Fig.  29.  • 
Distributiwj  Valve  for 
Oil-pressure  Governor. 


Fig.  30.—Govcriior-operated 

Relief  Valve  as  applied 

to  Turbine. 


RELIEF      VALVE 


the  valve,  tlje  pres-sure  is  throttled,  and  by  this  means  the  closing 
time  of  the  governor  .adju.sted. 

In  .some  types  of  governor  the  oil-pressure  receiver  has  been 
disi)ensed  with,  the  pump  being  made  large  enough  to  supply  the 
nt't-es-sjuy  oil  n ruler  press\ire  recpiired  for  the  servo-motor  to  make 
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its  full  stroke  within  the  closing  time  for  which  the  governor  has 
been  designed.     The  pressiire  under  which  the  governor  operates 
is  from  150  to  200  lb.   per  sq.  inch,  and  obtained  from  a  rotary 
pump  driven  from  the  turbine-shaft.     In  addition  to  the  constant- 
speed  compensation,  the  modern  oil-pressure  governor  is  equipped 
with   an   adjustable    equalizing    device   permitting   the    degree  of 
irregularity  to  be  adjusted  within  certain  limits,  which  enables  the 
turbine  to  run  in  parallel  with  alternators  driven  by  steam-engines, 
the  governor  being  adjusted  for  the  same  degree  of  irregularity  as 
the  governor-head  on  the  engine-regulator.     The  governor  can  also 
be  arranged  for  distant  speed-control  from  the  switchboard,  which 
is  of  great  assistance  in  the  operation  of  parallel  driven  alternators. 
For   large   turbine   units   where  a  large- capacity  governor   is 
required,  the  servo-motor  is  built  together  with  the  turbine,  and  in 
the  case  of  several  units,  are  all  supplied  from  a  central  oil-supply 
system.     In  the  case  of  enclosed  turbines  supplied  through  pipe- 
lines, the  closing  time  of  the  governor  and  guide- vanes  respectively 
must  be  adjusted  correspondingly  longer  than  in  the  case  of  open- 
type  turbines  in  order  to  avoid  dangerous  pressure  rises  in  the 
pipe-line,  owing  to  the  change  of  momentum  of  the  flowing  mass  of 
water,  in  addition  to  providing  a  heavy  fly-wheel  to  keep  the  speed 
variation   within   permissible   limits.      This   an-angement   is   only 
possible  where  the  pipe-line  is  comparatively  short  and  cannot  be 
adopted  for  high-pressure  turbines  where  the  hydraulic  conditions 
imposed  by  high  head   and   long  pipe-lines  render  the  governing 
problem  far  more  difficult.    In  such  cases  the  governor  is  operated  in 
conjunction  with   a   pressure-regulator   or   reHef-valve,  in  such  a 
manner   that   when   the  governor   closes   the  guide-vanes  of  the 
turbine  the  relief -valve  opens,  discharging  the  water  into  the  tail- 
race,   so   that   the    same    amount   of   water    is   flowing    through 
the   pipe-line   thus  avoiding  any  change  in  the  momentum,  and 
consequently  no  pressure  rise  can  occur. 

The  arrangement  of  such  a  pressure-regulator  is  shown 
diagrammatically  in  Fig.  30.  Simultaneously  as  the  governor 
closes  the  guide-vanes,  the  piston  B  in  the  oil  dashpot  cylinder  A 
is  lifted.     The  valve  is  connected  to  the  cylinder  which  contains  a 
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pRSKagfi  ftllowin^'  the  oil  to  pass  from  one  side  of  the  piston  to  the 
other,  the  rate  of  flow  beinp  adjusted  by  a  small  needle-valve. 
When  the  piston  B  is  lifted  the  cylinder  will  follow,  and 
consequently  the  valve  will  open  at  the  same  rate  as  the  governor 
closes  the  turbine.  The  cylinder  is  however  loaded  with  a  heavy 
weight  which  exerts  a  pressure  on  the  oil,  which  will  slowly  flow  to 
the  lower  .side  of  the  piston  and  gradually  allow  the  valve  to  be 
closed.  By  me^'ins  of  the  needle-va1v(«  the  rate  of  closing  is 
reguhited  sufliciently  slowly  to  prevent  any  dangerous  shocks  in  the 
pipe-line. 

In  the  type  of  pressure-regulator  just  described,  it  will  be 
observed  that  the  governor  furnishes  the  necessary  power  to 
operate  the  valve.  This  type  of  valve  could  not  be  used  with 
advantage  in  many  plants,  as  a  very  large  capacity  governor  would 
be  required  to  operate  the  valve.  The  modern  type  of  pressure- 
regulator  for  Francis  turbines  has  therefore  been  designed  in  such 
a  manner  th.at  the  governor  only  operates  a  small  relay-valve,  the 
water-pressure  in  the  pipe-line  being  utilized  to  operate  the  valve 
and  thus  obviate  the  additional  power  being  imposed  on  the 
governor.  A  section  of  a  valve  of  this  type  is  shown  in  Fig.  31, 
the  governor  actuating  the  distributing  valve,  admitting  or 
relftising  the  water- pressure  behind  the  piston  operating  the  valve. 
At  the  same  time,  the  dashpot  device  as  in  the  previous  illustration, 
prevents  a  rapid  closing,  ensuring  a*  gradual  change  of  the  velocities 
of  the  water  in  the'  pipe-line  and  obviates  any  undue  pressure 
increase.  This  type  of  pressure-regulator  is  only  suitable  for  high 
heads  and  a  comp.aratively  small  quantity  of  water,  whereas  for 
medium  heads  and  large  volumes  of  water,  its  use,  for  practical 
reasons,  is  prohibitive. 

A  further  point  which  must  be  subject  to  particular  consideration 
is  the  fact  that  in  many  medium-pressure  plants  the  pipe-line  is 
often  of  considenvble  length  as  compared  with  the  total  head,  so 
that  in  case  of  a  sudden  demand  for  an  increase  of  flow  following  a 
sutlden  intreast*  of  tlie  lo:id  on  the  turbine,  the  water  in  the 
pipe-line  cannot  accelerate  at  such  rate  as  required  by  good 
governing.     Jt  is  apparent  that  the  pressure-regulator  cannot  in 
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this  respect  be  of  any  assistance,  and  under  these  conditions  a 
standpipe  or  surge-tank  must  be  provided. 

The  use  of  long  pipe-lines  both  in  connexion  with  high  and 
medium  pressure  Francis  turbines,  many  of  which  have  to  work 
under  the  most  adverse  hydraulic  conditions,  has  introduced  new 
factors  having  important  bearing  on  the  problem  of  speed  control 
and  has  durin^  recent  years  been  the  subject  of  theoretical 
investigation  and  research,  notably  by  Allievi,  Prazil,  and  Johnson  * 


Fig.  31. 
Relay-Valve  operated  by  Governor. 


and  others,  with  the  result  that  the  laws  governing  the  hydraulic 
conditions  in  relation  to  the  speed-control  have  now  been  definitely 
formulated  and  consequently  have  enabled  a  practical  solution  of 
this  very  intricate  problem. 

The  diagram,  Fig.  32,  illustrates   the   application    of   an  open 
surge-tank  to  a  medium-pressure  turbine  plant,  the  upper  portion 


♦  L.  Allievi :  Annali  della  Societa  degli  Ingeneri  ed  Architetti ;  Rome  1903. 
Dr.  F.  Prazil :  Schweiz.  Bauzeitung,  Zurich,  Vol.  52,  1908.  R.  D.  Johnson  : 
American  Soc.  Mech.  Eng.  1908. 
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of  the  pipe-line  being  horizontal  and  the  surge-tjink  situated  near 
thu  |K)wer-house.  In  the  event  of  a  sudden  throwing  ofl*  of  the 
load  on  the  turbine,  the  water  would  rise  in  the  tank  and  absorb 
the  energy  given  out  by  the  flowing  water  column  when  changing 
it**  niomontum  during  the  rebxrdation  of  the  flow  and  corresponding 
to  the  new  loud  conditions.  On  the  other  hand,  in  the  event  of  a 
.sudden  demand  for  more  power,  the  stored  water  in  the  surge-tank 
would    instantivneously   .supply   the   additional   quantity    of   water 


Fig.  32.— Diagram  of  Pipe-line  atid  Surge-tank, 
Haby  Power  Plant,  Sivcdcn. 


so    SURGE-TANK 


RIV.   STEEL   13  FEET   INT.   DIAM. 


-HORIZ.  PIPE -LINE   2.060  FEET  — 


reijuired  until  the  water  column  in  the  upper  portion  of  the 
pipe-line  has  had  time  to  accelerate,  and  consequently  the  level  in 
the  tank  would  be  lowered.  The  area  of  the  tank  must  be  so 
dimensioned  that  the  amplitudes  of  the  water-waves  or  oscillations 
are  as  small  as  possible  and  steadily  diminish  until  the  quiescent 
water-level  is  reached,  in  order  not  to  influence  adversely  the 
conditions  for  .stable  governing. 

An  importjint  improvement  in  the  design  of  surge-tanks  is  to 
be  found  in  the  so-called  differential  surge-tank  recently  introduced 
in  Americu.*  The  object,  with  this  new  design,  was  to  obviate  the 
disadvantages  of  the  considerable  oscillations  obtained  in  the  simple 


•  It,  D.  Johnson.    •'  The  Surge-Tank,"     Trans.  American  Soc.  Civil  Eng. 
Vol.  78-79  1916. 
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tank  as  often  the  cost  of  a  larger  diameter  tank  to  reduce  the 
oscillation  has  proved  prohibitive.  The  differential  surge -tank 
consists  of  a  stand-pipe  of  approximately  the  same  diameter  as  the 
pipe-line  and  communicating  with  the  reservoir  through  a 
comparatively  small  accurately  dimensioned  opening.  When  for 
instance  the  load  is  suddenly  increased,  the  water  in  the  stand-pipe 
will  fall  very  rapidly  owing  to  the  throttling  effect  of  the  opening 
to  the  reservoir,  and  consequently  the  water  in  the  pipe-line  will 

Fig.  33. — Comparative  Curves  of  Oscillations  in  Simple 
and  Differential  Surge-tanks. 

length  of  Pipe-line  =  11,300  ft.    Area  of  Simple  Tank  =  680  sci.  ft. 
Area  of  Ditferential  Tank  -  580  sq.  ft.    Area  of  Standpipe  =  102  sq.  ft.    Gross  Head  =  250  ft. 


TIME     IN     WINS. 


accelerate  at  a  more  rapid  rate  than  in  the  case  of  a  simple 
surge-tank  where  the  water  column  in  the  upper  pipe-line  accelerates 
only  at  the  same  rate  as  the  water-level  in  the  reservoir  falls.  By 
thus  increasing  the  acceleration  from  the  very  beginning  of  the 
regulation  period,  less  amount  of  storage  water  is  necessary  which 
permits  a  smaller  reservoir  and  consequently  less  cost  than  in  the 
case  of  a  simple  tank.  To  illustrate  the  comparative  effect  on 
the  oscillations  obtained  in  the  two  types  of  surge-tanks, 
Fig.  33  shows  the  variation  in  water-levels  in  the  simple  and 
ditferential  surge-tank  respectively  during  a  sudden  incre.ise  in 
load,  which  clearly  indicates  that  the  oscillation  is  of  less  magnitude 
in  the  latter  type  of  tank. 
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Fig.  34  shows  a  differential  tank  constructed  in  reinforced 
concroti^  in  connexion  with  the  Ontario  Power  Company's 
Hydro-Electric  plant  at  Niagara.*  A  represents  the  opening 
Iwtween  the  stand-pipe  and  reservoir  through  which  the  water 
nows  during  normal  U):ul  variation,  but  in  case  of  an  exceptionally 


Fig.  34.— -TM'i^y'T'i  of 
concrete  Differential 

Surge-tiink, 

Ontario  Poiver  Co., 

Nia4jara. 


r' 


^jjgj      r^-^ 


njtfVf*A*Mi^ff^»9mmm  mi 


^^/^^^'^*y^^>»'y'y'yy^ 


heavy  load  l)eing  thrown  off  the  water  would  also  escape  over  the 
top  and  through  the  opening  B.  The  internal  diameter  of  this 
tank  is  75  feet,  the  net-working  head  on  the  turbine  being  only 
18  feet  G  inches. 


•  R.  D.  Johnson. 
York,  March  I'JIO. 


'  Concrete  Surge-Tanks,"    Engineering  Record.    New 
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The  arrangement  of  a  diflferential  tank  as  applied  to  a 
high-pressure  plant  is  shown  in  Fig.  35,  which  is  of  particular 
interest  on  account  of  its  very  large  i dimensions  and  height. 
In  this  case  it  is  obvious  that  the  construction  of  a  simple  tank 
for  the  existing  conditions  would  be  impracticable!  on  account 
of  its  great  cost.  The  stand-pipe  has  a  diameter  of  12;feet  with  a 
height  of  80  feet  connected  to  the  reservoir  having  a  diameter  of 
50  feet  and  a  heigh t^of  105  feet,  the  highest  point  of  the  roof  being 
205  feet  above  ground  level,  and  the  total  capacity  of  the  reservoir 

Fig.  35. — Diagrammatical  Section  of  Surge-tank, 
Salmon  River  Power  Plant. 


H.W.L. 


being  1,400,000  gallons  of  water,  and  is  one  of  the  highe.st 
surge- tanks  yet  constructed. 

The  probleia  of  satisfactory  speed-control  is  necessarily  of  a 
theoretical  character,  but  without  touching  this  side  of  the  question 
the  Author  has  endeavoured  to  bring  out  the  outstanding  fact 
that  the  advancement  in  respect  of  regulation  has  played  an 
important  role  in  the  general  development  of  hydro-electric  plants, 
and  without  excluding  the  possibilities  of  further  improvements,  it 
can  be  said  that  the  speed-regulator  of  Francis  turbines  has  reached 
a  high  standard  of  perfection,  in  fact  it  is  second  to  none  compared 
with  any  other  prime  mover. 

Long   pipe-lines,   which    from    the    point    of    view   of    speed 


pjli  KKCKNT    UTIMZATION   OK    WATERPOWEK.  Jan.  1020. 

i-egulutioii  proved  to  U'  au  obsUdc  to  many  power  dcvelopmeuts, 
need  not  now  bo  avoided  for  that  reason,  althoiigh  in  addition  to 
the  purely  technical  side  the  economic  aspect  requires  careful 
consideration  in  cases  where  the  topographical  conditions  necessitate 
extremely  long  pipes  or  conduits.  It  is  imperative,  however,  that 
the  arrangement  of  such  a  plant  should  be  left  in  the  hands  of  the 
expert  hydraulic  engineer,  as  in  the  past  many  plants  have  proved 
to  be  failures  for  want  of  consideration  of  the  many  complex 
problems  arising  in  connexion  with  speed  regulations  under 
disadvantageous  hydraulic  conditions. 


Pelton  Wheels. 

The  second  category  comprises  the  high-pressure  impulse 
turbine  more  familiarly  known  as  the  Pelton  Wheel,  named  after 
its  American  inventor,  and  is  of  the  purely  impulse  type;  the 
water  issuing  from  a  nozzle  at  the  full  velocity  corresponding  to 
the  net  head  and  impinging  on  a  set  of  buckets  bolted  on  to  the 
rim  of  the  wheel  centre.  The  Pelton  Wheel  is  used  under  heads 
varying  from  about  500  to  2,000  feet,  although  for  small  powers  it 
Ciin  be  used  under  medium  heads  of  down  to  100  feet,  and  on  the 
other  hand  has  been  employed  under  a  maximum  of  5,400  feet  in 
one  stage.  In  comparison  with  the  great  advancement  made 
during  recent  years  in  the  design  and  construction  of  reaction 
turbines,  the  improvements  in  the  impulse  type  of  turbine  have 
perhaps  not  had  the  same  far-reaching  effect  on  account  of  its 
design  being  of  a  comparatively  simpler  nature,  but  great  strides 
have  l)een  made  in  also  bringing  this  type  of  turbine  on  the  same 
high  level  demanded  by  the  present-day  practice. 

The  chief  characteri.stic  of  the  impulse  wheel  is  the  long  range 
of  load  during  which  the  efficiency  is  nearly  constant,  as  can  be 
seen  from  the  efficiency  curves  reproduced  from  official  tests. 
Fig.  36.  In  each  case  the  efficiency  at  half  load  is  over 
85  per  cent,  and  only  falls  below  80  per  cent,  when  the  load  is  less 
than  30  per  cent  of  the  normal.  To  obtain  the  maximum  efficiency 
the  ratio  between  the  pitch  diameter  of  the  wheel  and  diameter  of 
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-100% 


Fig.  36. — Pdton  Wheels.     Efficiency  Curves. 
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the  jet  should  not  be  less  than  12,  although  in  certain  cases  a  ratio 
of  10 : 1  may  be  used  when  a  higher  speed  is  secured  at  the  expense 

of  efficioncy. 

The  raaximum  specific  speed  obtiined  for  a  single  runner  and 
j,.t  is  therefore  limited  to  f)  (2:{),  corresponding  to  a  ratio  between 
runner  and  jet  of  approximately  11.  The  maximum  speed,  for 
instance,  obtained  with  a  single  jet  for  say  an  output  of  .3,000  b.h.p. 

N  J  3,000      ^,       -,       ,_» 
under  900  feet  would  be  5  =  ^^J^    '^^^  •     Thus  N  =  450  r.p.m. 

To   obtain   a    higher   speed    under   a   given    head    than    that 

Fig.  31  .—Buckets  for  Impulse  Turbines. 
Pelton.  Poble, 


corresponding  to  the  maximum  specific  speed,  it  is  essential  to 
divide  the  power  over  two  or  more  nozzles  or  wheels.  On  account  of 
the  discharge  from  the  buckets  interfering  with  lower  jets,  it  is 
now  seldom  that  more  than  two  nozzles  are  provided  for  each  wheel, 
and  where  more  nozzles  are  required  the  power  is  divided  over  two 
runners  each  with  double  nozzles.  Double  nozzles  were  also 
provided  where  the  diameter  of  a  single  jet  would  have  exceeded 
5  to  6  inches,  but  in  recent  years  single  jets  of  8-inch  diameter 
have  been  used  with  advantage.  The  outstjxnding  feature  in  tlie 
improvement  has  been  in  respect  of  the  shape  of  buckets  and 
nozzle  and  the  design  of  the  regulating  device. 

The    original    Pelton    buckets    were    rectangular    in    section, 
Fig.    37,   but    have    been    superseded    by   the   elliptically   shaped 
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bucket  which  has  now  been  universally  adopted  by  all  makers,  as 
the  absence  of  sharp  corners  and  abrupt  changes  of  direction  of  the 
stream  favours  the  reduction  of  the  hydravdic  losses.  The  same 
tendency  to  adopt  a  uniform  design  is  also  noticeable  in  respect  of 
the  nozzle  where  the  various  designs  of  rectangular  nozzle  with 
movable  lip  have  been  discarded  in  favour  of  the  circular  nozzle 
with  concentric  pear-shaped  spear  or  interceptor  movable  in  axial 
direction  for  regulating  the  quantity  of  water,  Fig,  38,  which 
now  without  exception  is  employed  in  modern  Pelton  wheel 
design.     The  most  important  improvement,  however,  is  in  respect 

Fig.  38.~Pca}-shaped  Nozzle. 


of  the  system  of  regulation  which,  as  in  the  case  of  the  Francis 
turbine,  had  to  be  adapted  for  the  new  conditions  of  electrical 
transmission  and  at  the  same  time  conform  to  the  increased 
demand  for  accurate  and  reliable  automatic  governing. 

Three    distinct    systems    of     automatic    governing    are    now 
employed,  namely : — 

(A..)  By-pass  valve  r«gulation. 

(B.)  Regulation  with  deflecting  nozzle. 

(C.)  Combined  spear  and  deflector  regulation. 

The  object  aimed  at  in  each  of   these   methods  of   automatic 
control  is  to  obtain  an  instantaneous  regulation  of  the  quantity  of 
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water  in  response  to  uny  load  changes,  at  the  same  time  ensuring 
a  slow  and  gi'adual  retardation  of  the  flow  in  the  pipe-line  to 
obviate  any  dangerous  increase  in  pressure. 

The  by-pass  regulation  is  the  oldest  type  used  in  combination 
with  the  automatic  governing  of  Pelton  wheels,  and  as  indicated  by 
its  name,  consists  of  a  by-pass  valve,  the  principle  of  which  has 
already  been  referred  to  in  connexion  with  high-pressure  Francis 
turbines.  The  rogulaiiug  shaft  on  the  oil-pressure  governor  of  the 
standard  type  acts  direct  on  the  movable  spear  of  the  nozzle, 
instantaneously  establishing  equilibrium  between  the  quantity  of 
water  reaching  the  wheel  and  the  load  on  the  turbine.  At  the 
sjime  time,  in  cjxse  of  a  sudden  throwing  off  of  the  load,  the  by-pass 
valve  will  open  at  the  same  rate  as  the  spear  closes,  and  then  close 
.slowly  by  the  pressure  of  a  spring  against  the  dashpot.  As  the 
tjuantity  of  water  is  usually  small,  the  by-pass  valve  consists  of  a 
needle-valve  directly  operated  by  the  governor.  For  Pelton  wheels 
for  large  outputs  and  comparatively  low  heads,  employing  two 
runners  with  two  or  more  jets,  and  consequently  a  large  quantity 
of  water,  the  by-pass  valve  is  generally  operated  indirectly  by  the 
governor  in  the  same  manner  as  the  relief -valve  in  connexion  with 
Francis  turbines.  Although  the  by-pass  regulation  has  been 
employed  in  a  large  number  of  plants,  the  inherent  defect  of 
liability  to  stick  and  excessive  wear,  together  with  the  difficulty  of 
ensuring  synchronizing  action,  called  for  further  improvements  in 
design,  resulting  in  the  introduction  of  the  deflecting  nozzle ; 
in  this  construction  the  complete  nozzle  is  pivoted  on  its 
perpendicuLir  axis  and  deflects  the  whole  or  part  of  the  jet  from  the 
wheel  and  discharge  direct  into  the  tail-race.  A  number  of  plants  have 
been  equipped  with  this  particular  regulating  device,  with  highly 
.siitisfactory  lesults,  but  in  recent  years  the  combined  spear  and 
deflector  regulation  has  come  to  the  front,  and  on  account  of  its 
simpler  design  and  cheaper  construction  has  now  been  adopted  in 
the  most  modern  plants.  The  main  feature  of  this  design  is  the 
deflecting  hood  or  shoe  known  as  the  "  deflector "  interposed 
between  the  nozzle  and  the  wheel  and  pivoted  in  such  a  position 
:hat  direction  of  the  jot  can  be  altered. 
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A  number  of  different  designs  of  this  method  of  regulation  are 
now  employed,  but  in  each  case  the  principle  of  operation  can  be 
traced  to  one  of  the  three  systems  diagrammatically  shown  in 
Fig    39.      In    each    case    the    servo-motor    of    the    oil-pressure 
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governor  openites  the  deflector  and  spear  simultiineously  when 
o|>ening,  l»ut  by  sudden  dosing  of  the  governor  the  deflector  will  iu 
the  tii-st  instjince  cut  into  the  jet  and  divert  the  water  from  the 
wheel  until  the  spear  by  slowly  overcoming  the  dashpot  resistance, 
lo^'ulates  the  water-supply  corresponding  to  the  load,  when  the 
deflector  will  be  brought  back  into  a  position  just  tangential  to  the 
reduced  jet.  The  free  movement  of  the  deflector,  independent  of 
the  spear  in  the  closing  direction,  is  in  each  cjise  permitted  by  the 
"  lost  motion  "  existing  in  the  mechanical  connexion  between  the 
deflector  and  spear. 

In  "A"  the  spear-rod  is  provided  with  a  slot  in  which  the  pin 
of  the  lever  connecting  to  the  governor- shaft  can  slide.  The  opening 
and  closing  position  of  the  deflector  is  shown,  the  latter  in  dotted 
lines,  and,  by  the  pressure  of  the  spring  against  the  retarding  action 
of  the  oil  dashpot,  the  spear  will  slowly  move  forward  until  the  slot 
lias  regained  contict  with  the  sliding  pin. 

In  "  B"  the  operation  is  identical  with  "  A,"  although  the  lost 
motion  between  the  deflector  and  spear  is  obtained  through  a 
displacement  of  the  lever  system  relative  to  the  fixed  point  a.  In 
the  closing  direction  the  lever  6  c  will  follow  the  deflector  movement 
with  fc  as  a  fulcrum  and  take  up  the  positio^i  as  indicated  in  dotted 
lines  on  the  diagram.  The  spring  is  now  free  to  expand  and  exerts 
the  necessary  pressure  to  close  the  spear  until  the  lever  b  c  has 
regained  contact  with  a,  corresponding  to  the  position  6  c  in  the 
diagram.  In  each  of  these  two  methods  described  it  will  be 
observed  that,  firstly,  tlie  governor,  irrespective  of  whether  the  load 
is  thrown  ofl"  gradually  or  instantaneously,  always  operates  directly 
on  the  deflector,  the  spear  meanwhile  remaining  stationary  ;  secondly, 
that  the  governor  brings  the  deflector  out  of  the  jet  after  each 
governing  operation. 

In  diagram  "  C "  a  dashpot  has  been  interposed  between  the 
governor  servo-motor  and  deflector  lever.  By  sudden  discharge  of 
load,  points  a  and  b  practically  will  move  the  same  distance, 
consequently  the  deflector  will  cut  into  the  jet  and  at  the  same  time 
lever  a  d  ia  moved  away  from  the  atop  g.  The  spring,  however,  is 
strong  enough  to  overcome  the  dashpot  resistance  and  slowly  brings 
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the  spear  into  position,  at  the  same  time  lifting  the  deflector  into  a 
position  tangential  to  the  new  jet.  If,  on  the  other  hand,  the  load 
is  only  gradually  discharged,  the  point  h  would  remain  stationary 
and  the  governor  would  operate  directly  on  the  needle,  the  deflector 
being  simultaneously  moved  forward  through  the  lever  d  e  to 
maintain  its  tangential  position  corresponding  to  the  reduced  jet. 
This  latter  design  differs  from  the  two  foregoing  in  i^espect  of 
operation  when  small  and  gradual  load-changes  occur,  inasmuch  as 
in  that  case  the  governor  would  operate  the  needle  directly  the 
deflector  remains  inactive,  with  which  system,  it  is  claimed,  more 
steady  speed-regulation  for  small  load  changes  is  obtained. 

An  illustration  of  the  mechanical  design  and  arrangement  of 
modem  Pelton  wheels  is  afforded  by  the  following  description  of 
a  few  representative  installations.  Fig.  40  (page  134)  shows  a 
single-jet  Pelton  wheel  designed  for  an  output  of  3,300  b.h.p. 
under  a  net  head  of  875  feet  at  300  r.p.m.,  which  plant  may  be  of 
special  interest  as  being  designed  and  manufactured  in  the  United 
Kingdom  and  installed  at  the  British  Aluminium  Company's  works 
at  Kinlochleven.  The  pitch  diameter  of  the  wheel  is  82  inches, 
and  both  runner  and  buckets  are  of  cast-steel,  the  latter  sand- 
blasted and  ground  on  the  inside  to  present  as  smooth  a  surface 
as  possible,  to  reduce  the  friction  losses.  The  buckets,  twenty  in 
number,  are  secured  to  the  runner  by  slightly  tapered  bolts  of 
nickel-steel,  and  dimensioned  to  withstand  a  centrifugal  force  of 
90,000  lb.  on  each  bucket  at  100  per  cent  overspeed.  The  shaft 
is  carried  in  two  automatic  ring  oil  lubricated  water-cooled  bearings 
1 1  inches  and  8^  inches  diameter  respectively,  each  provided  with 
circulating  pumps.  The  nozzle  of  cast-steel  is  designed  for  a  jet 
diameter  of  148  mm.  and  provided  with  a  renewable  tip  of  best 
gun-metal.  The  spear  end  is  also  made  of  gun-metal  of  special 
alloy  to  resist  the  erosive  action  of  the  water.  The  combined  spear 
and  deflector  regulation  is  employed,  the  automatic  governor  of  the 
oil-pressure  type  being  self-contained  on  its  own  foundation  and 
connected  to  the  spear  and  deflector  respectively  by  means  of  levers 
and  connecting  rods. 

The   method  of  operation  is  in  accordance  with  diagram  "A  " 
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Fig.  iO.—  Singlcjct  Pc'ion  Wheel, 
Kinlochlevev. 

Output  3,S0D  B.II.P.    Head  875  ft.    303  r.p  tn. 
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(page  131),  although  for  the  sake  of  better  mechanicjil  arrangement 
the  dashpot  is  indirectly  connected  to  the  spear  by  means  of  a 
system  of  levers. 

The  governor  has  been  designed  for  a  closing  time  of  one 
second  corresponding  to  a  maximum  temporary  speed  variation  of 
approximiately  8  per  cent  when  the  total  load  of  3,300  b.h.p.  is 
instantaneously  thrown  off.  By  reason  of  the  arrangement  of  the 
existing  distributing  pipe-lines,  the  Pelton  wheel  is  provided  with 
double  inlet,  each  fitted  with  a  21 -inch  hand-operatetl  sluice- valve, 
which  enables,  if  required,  the  unit  to  be  supplied  through 
any  particular  supply  pipe.  The  shaft  is  provided  with  a  solid 
flange  coupling  connecting  to  the  2,000  k.w.  direct-current 
generator. 

Fully  Hydro-Elecfric  Station,  Sivitzcrland* — By  reason  of  tho 
extremely  high  fall  under  which  this  plant  operates,  it  is  of  singular 
interest  and  particularly  serves  as  an  illustration  of  the  latest 
achievements  in  Pelton  wheel  design.  The  output  is  3,000  b.h.p. 
per  unit  at  500  r.p.m.  under  a  working  head  of  5,435  feet,  being 
the  maximum  head  for  which  any  turbine  has  been  designed  to 
utilize  in  one  stage.  The  pitch  diameter  of  the  wheel  is 
11  feet  7  inches,  and  that  of  the  jet  34  mm.,  corresponding  to  a 
ratio  of  approximately  105.  The  velocity  of  the  jet  is  approximately 
35,000  and  the  peripheral  velocity  of  the  wheel-disk  18,200  feet  per 
minute.  Under  these  circumstances  the  most  careful  consideration 
had  to  be  given  to  the  design  of  the  runner  and  the  method  to  be 
adopted  for  fixing  the  buckets.  The  runner  is  a  steel  forging  and 
designed  as  a  di.-k  of  uniform  strength.  The  buckets  are  also  of 
steel  forged  on  blocks,  but  on  account  of  the  extremely  high 
peripheral  velocity  the  method  of  fixing  by  bolts  could  not  be 
adopted  and  quite  a  novel  method  was  resorted  to.  The  runner 
is  provided  with  a  wedge-shaped  slot,  and  each  bucket  has  two 
lugs  of  corresponding  section.  Fig.  41   (page   136),  and  round  the 

*  R.  Neeser.  "  Les  machines  hydrauliquea  a  1' Exposition  de  Bern." 
Bulletin  Technique  de  la  Suisse- Romande,  1916. 
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periphery  of  tl»e  rim  openings  have  been  made  through  which  the 
buckets  cjin  be  inserted,  the  required  spacing  being  obtained  by 
means  of  distance-pieces  of  triangular  section.  Of  these  distance- 
pieces  nine  were  of  special  design  and  spaced  evenly  round  the 
periphery,  after  which  the  disk  was  heated  and  the  buckets  and 
the  intermediate  distance-pieces  inserted  cold.  To  secure  the 
required  pressure  fit  between  the  buckets  and  the  distance-pieces 
a  strip  of  steel  plate,  the  thickness  of  which  had  been  carefully 
determined   beforehand,   was   inserted   in   the  nine   sections,   and 

Fig.  il.—PcUon  WliM,  FidUj  Hydro-Elect ric  Station,  Switzerland. 


which,  after  the  disk  had  been  allowed  to  cool,  exerted  the  pressure 
necessary  for  a  tight  fit. 

The  automatic  speed  regulation  is  carried  out  by  means  of  the 
combined  spear  and  deflector  arrangement  (type  "C,"  page  131), 
and  to  afford  a  clearer  conception  of  the  various  phases  of  regulation, 
Fig.  42  shows  the  relative  position  of  the  deflector  and  spear 
respectively  during  closing  operation.  The  .spear  is  in  this  instance 
operated  by  means  of  an  auxiliary  oil  pressure  servo-motor,  which, 
however,  has  been  purposely  omitted  in  the  diagram,  for  the  sake 
of  clearer  view  of  the  es.sential  parts. 

Position  I  represents  the  full  open  position  with  the  deflector 
Tangential  to  the  maximum  jet. 
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Position  II  represents  the  moment  immediately  the  load  has 
been    discharged,  the   deflector   diverting   the   jet,   but   with   tha 


Fig.  42. — Automatic  Regulation.     Fidhj,  Suitznland. 
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spear  still  stationary  in  its  opening  position,  the  dashpot 
having  moved  from  left  to  right,  together  with  the  servo-motor 
piston. 
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Position  III  represents  tlie  full  closed  position,  the  dashpot 
slowly  moving  from  right  to  left  and  permitting  the  gradual  closing 
of  the  spear  at  the  same  time  as  the  deflector  is  lifted  until  it  takes 
np  a  position  tangential  to  the  centre  line  of  the  jet. 

Rjulaii  IIijdro-Eledr'w  Station,  Noriray. — This  plant  consists  of 
a  Pelton  wheel  with  double  runner  and  four  jets,  with  an  output 
of  16,400  b.h.p.  under  a  net  fall  of  253  metres  and  a  speed  of 
250  r.p.m.,  corresponding  to  a  specific  speed  of  7*15  (31*7),  and 
consequently  illustrates  one  of  those  cases  where  the  conditions 
are  such  that  a  multi-jet  Pelton  wheel  is  the  only  type  of  turbine 
which  cjxn  be  utilized.  The  specific  speed  per  jet  corresponds  to 
3 '58  (15-9).  Each  wheel  has  a  pitch  diameter  of  2,400  mm.  and 
a  jet  diameter  of  1G4  mm.  with  both  runners  and  buckets  of  cast- 
steel.  The  buckets  are  attached  to  the  runners  by  means  of 
tapered  nickel  steel  bolts.  The  holes,  however,  are  drilled  parallel 
and  loose  bush  tapered  on  the  inside  and  provided  with  a 
longitudinal  slot  along  its  entire  length,  ensuing  a  perfect  and 
tight  fit  when  the  lx)lts  have  been  tightened. 

The  general  arrangement  of  the  Pelton  wheel  is  seen  from 
the  sections  in  Fig.  43  (page  139).  The  two  runners  being  set 
sufficiently  far  apart  to  allow  free  discharge  of  the  water  from 
each  wheel  without  obstruction  and  enclosed  in  a  wrought-iron 
housing.  The  four  nozzles  are  all  operated  from  one  automatic 
oil-pressure  governor,  and  also  in  this  case  the  combined  spear 
and  deflector  regulation  has  been  adopted,  of  the  same  design  as 
the  Fully  plant. 

In  each  of  the  foregoing  plants  the  wheel  has  been  carried  in 
two  bearings  and  mounted  on  a  separate  bed-plate.  The  arrangement 
with  "overhung"  wheel  direct  mounted  on  the  generator  shaft  has 
been  greatly  in  vogue  in  America,  and  has  lately  also  been  adopted 
in  Europe  but  to  a  much  smaller  extent.  This  arrangement  is 
characterized  by  its  cheapness  and  compactness  and  consequently  a 
great  saving  of  floor  space  is  secured.  For  double  turbines,  one 
wheel  is  mounted  in  a  similar  manner  at  each  end  of  the  generator 
«haft,  which  arrangement  was  adopted  at  the  Southern  California 
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Edison  Co.'s  power  plant  at  Kern  River,  California,*  with  a  total 
output  of  10,000  b.h.p.  per  unit  and  a  jet  diameter  of  7|  inches. 
The  vertical  arrangement  of  Pelton  wheels  is  more  seldom  adopted, 
but  possesses  the  advantage  of  permitting  the  use  of  four  or  even 
more  nozzles  with  a  single  wheel.  A  detailed  description  of  this 
type  of  Pelton  wheel  is  contained  in  the  Paper  by  the  late  Mr. 
Zodel  on  "  High-pressure  Water-power  Works."  f 

Pipe-lines. 

The  design  and  construction  of  the  pipe-line  forms  one  of  the 
most  important  sections  in  connexion  with  a  hydro-electric  plant,  a 
fact  which  becomes  more  evident  when  considering  the  great  increase 
in  falls  now  utilized  for  power  purposes,  and  where  the  pipe-line 
represents  the  major  portion  of  the  initial  capital  cost.  The  great 
stride  made  in  the  economical  development  of  water-power  under 
high  heads  during  recent  years,  and  the  successful  harnessing  of 
falls  of  over  3,000  feet,  have  depended  to  a  great  extent  on  the  general 
progress  in  the  design  and  construction  of  pipe-lines,  and  the 
s;itisfactory  solution  of  the  many  problems  which  have  arisen 
in  connexion  with  the  development  of  high  falls.  But  these 
developments  have  also  had  an  important  bearing  on  the  economic 
utilization  of  falls  of  comparatively  low  head,  as  it  has  permitted 
larger  diameters  to  be  employed  and  consequently  a  smaller  number 
of  pipe-lines  which,  in  addition  to  a  great  saving  in  cost,  by  the 
reduction  in  friction  losses,  has  contributed  to  the  higher  overall 
efl5ciency  realized.  Pipe-lines  in  connexion  with  water-power 
installations  are  classified  as  low,  medium,  and  high-pressure  pipe- 
lines. 


*  In  view  of  the  remarks  in  reference  to  the  increased  employment  of 
I'rancis  Turbines  under  high  heads  (page  74)  it  is  of  interest  to  record  that 
for  the  extension  of  this  plant  it  has  been  decided  to  install  Francis  Turbines 
rated  at  22,500  B.H.P.  per  unit  and  operating  under  a  fall  of  800  feet,  thus 
exceeding  by  more  than  50  feet  the  maximum  fall  under  which  Francis 
Turbines  have  lieen  installed  at  present. 

t  Proceedings,  I.Mech.K.,  1911,  page  G17. 
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Low-pressure  Pipe-lines. — The  material  used  in  the  construction 
of  low-pressure  pipe-lines  is  either  concrete,  riveted  steel,  or  wood. 
The  concrete  pipes  are  generally  built  in  situ,  of  monolithic  concrete 
with  various  systems  relating  to  the  form  of  reinforcement.  Owing 
to  the  liability  to  leakage  and  sweating,  it  is  not  as  a  rule  used 
under  pressure,  being  employed  in  the  upper  portion  of  a  pipe-line 
where  the  gradient  is  small  and  the  hydi^aulic  gradient  varying 
from  zero  to  about  10  feet.  Under  these  conditions,  the  concrete 
pipe-line  has  certain  points  of  merit  as  regards  initial  cost  and 
durability,  and  has  an  undoubted  field  of  usefulness.  On  the  other 
hand,  the  lack  of  flexibility  and  high  co-elficient  of  expansion 
renders  it  necessary  to  make  provision  to  prevent  cracks  due  to 
uneven  settlement  where  the  soil  is  of  a  loose  nature,  and  also 
suitable  expansion  joints,  which  is  often  a  difficult  matter.  In 
certain  places,  however,  the  concrete  pipes  have  been  made  as  a 
pressure  line,  when  special  form  of  reinforcement  and  treatment  to 
exclude  leakage  has  been  adopted. 

Wood  stave  pipes  are  utilized  to  a  great  extent  for  pressures  up 
to  about  175  feet  both  in  America  and  Canada  where  suitable  wood, 
best  quality  cedar  fir,  is  to  be  found  in  abundance.  For  use  in 
connexion  with  water-power  developments  the  pipe  is  made 
"  continuous,"  the  rough  lumber  being  made  into  staves  of  correct 
shape  and  angles,  and  joined  together  on  site  by  means  of 
wooden  or  metal  tongues  and  breaking  joints  between  adjacent 
staves  so  as  to  form  a  continuous  length.  The  finished  pipe  is 
wound  round  with  iron  hoops  and  secured  by  adjustable  clamps  of 
malleable  iron,  through  which  the  threaded  ends  of  the  rings 
pass  and  are  tightened  by  means  of  washers  and  nuts.  One 
of  the  chief  characteristics  of  the  wooden  stave  pipe-line  is  its 
durabUity  and  low  cost,  together  with  a  low  coefficient  of  friction, 
and  is  therefore  of  particular  advantage  for  the  construction  of  the 
upper  portion  of  pipe-lines  where  suitable  wood  can  be  procured. 

Steel  pipes. — The  two  types  of  steel  pipes,  riveted  or  welded, 
are  used  in  connexion  with  hydro-electric  plants,  the  former  for  low 
and  medium  pressures,  and  the  latter  exclusively  for  high-pressure 
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plants.  For  long  pipe-lines  under  low  head.^,  the  riveted  pipe  has 
been  superseded  either  by  concrete  or  wood,  as  for  large  diameter, 
the  riveted  pipe  must  bo  made  sufficiently  thick  to  retain  its  ciircular 
bhape,  and  in  addition  take  all  the  bending  stresses  caused  by  the 
weight  of  the  water  to  allow  as  great  a  distince  as  possible  between 
the  supports,  and  consequently  the  cost  is  very  often  prohibitive  as 
comi)ared  with  a  conduit  made  of  either  of  the  first-mentioned 
materials.  For  instance,  a  12-foot  steel  pipe-line  requires  at 
least  i-incli  plate  thickness  to  fulfil  these  conditions,  whereas, 
us  far  as  the  hydrostatic  pressure  is  concerned,  ^-inch  would 
be  ample. 

Recent  designs  of  large  riveted  steel  mains  under  low  heads  have 
therefore  aimed  at  a  construction  which  would  permit  of  a  minimum 

FiCiS.  44  and  ib— Types  of  ]\'atci-Gas  Welds. 


plate  thickness  and  a  maximum  distance  between  supports.  For 
this  purpose,  the  pipe  is  stiflFened  by  means  of  angle-irons,  designed 
to  take  up  the  bending  moments,  and  the  shell  of  the  pipe  itself  is 
correspondingly  reduced  in  thickness. 

The  icelded  gteel  pipe-lines  signify  the  most  important 
developments  in  recent  years  as  a  result  of  the  progressive 
utilization  of  high  heads  which  necessitated  a  closer  study  of  the 
pipe-line  construction  than  had  hitherto  been  the  case.  Moreovei*, 
the  successful  harnessing  of  falls  of  1,000  feet  or  more  could  only 
be  accomplished  by  using  pipe-lines  where  the  construction  would 
offer  the  necessary  safeguards  and  reliability  of  design  required,  as 
a  failure  under  these  conditions  would  have  the  most  disastrous 
results.  Welded  pipe-lines  are  exclusively  used  for  high-pressure 
installations  on  account  of  their  superior  strength  and  absence  of 
rivets  to  obstruct  the  flow  of  water  and  consequently  reduced 
friction  losses. 
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The  welded  pipes  are  made  by  the  water-gas  process,  the  plates 
being  bent  to  shape  and  the  overlapping  edges,  Fig.  44, 
heated  by  means  of  water-gas  and  welded  together  under  high 
speed  mechanically-driven  hammers,  which  method  produces  a  weld 
of  a  strength  of  approximately  95-97  per  cent  of  the  strength  of 
the  full  plate.  After  welding,  the  pipes  are  annealed  to  remove  all 
internal  stresses.  The  foregoing  process  of  welding  is  only  suitable 
for  material  up  to  about  l|-inch  thick,  as  above  this  thickness,  the 
heat  would  not  penetrate  sufficiently  to  produce  uniform  welding 
heat.  For  larger  plate  thickness,  the  "  wedge-welding "  method 
is  resorted  to.  Fig.  45,  the  edges  being  brought  together  and 
a  separate  bar  inserted  forming  the  weld.  With  this  method,, 
pipes  up  to  a  thickness  of  1|  inch  can  be  satisfactorily  welded.  The 
material  used  in  welded  pipe-lines  is  best  Siemens- Martin  steel, 
with  a  tensile  strength  of  average  28  tons  per  sq.  inch  and  ar» 
elongation  of  20-25  per  cent  in  8-inches  test-bar. 

On  account  of  the  pressure-rises  which  the  pipe-line  may  be 
subjected  to,  the  plate  thicknesses  are  calculated  with  a  factor  of 
safety  of  4-5  :  1,  based  on  a  strength  of  the  weld  equal  to  100  per 
cent.  The  individual  pipes  are  made  in  lengths  of  an  average  of 
18  to  20  feet  and  using  riveted  joints  for  medium  pressure  and 
flange  or  expansion  joints  for  high  pressures,  Figs.  46-48  (page  144) 
representing  the  most  common  type  of  the  three  mentioned  joints. 
In  the  riveted,  or  so-called  "  bump  "  joint,  the  pipe-ends  have  been 
swelled  so  that  the  rivet  heads  do  not  obstruct  the  free  area  of  the 
pipe. 

The  flange- joint,  Fig.  47,  represents  the  most  usual  type  adapted 
for  large  pipes,  both  ends  of  the  pipe  being  turned  up  with  loose 
cast-steel  flange-rings  and  rubber  insertion  joints.  In  pipe-lines 
where  either  of  these  joints  are  used,  separate  expansion  joints 
must  be  provided.  For  this  reason  the  high-pressure  "  muff  "-joint, 
Fig.  48  (page  144),  has  been  extensively  used  in  connexion  with 
turbine  pipe-installations,  as  each  individual  joint  permits  of 
expansion,  and  separate  expansion -pieces  are  rendered  unnecessary. 
A  further  advantage  which  is  obtained  by  this  design  is,  that  it 
permits  repacking  the  joint  without  displacing  the  pipe,  in  addition 
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Fiu.  iii.—Bum})- Joint.     Single  Riveted. 
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Fig.  47. 
Fiangc-Joint. 


Fig.  48. — High-pressure  "  Muff  "'Joint. 


Jas.  1920. 
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to  greater  facility  in  erection.  Without  exception,  turbine 
pipe-lines  are  laid  above  ground  to  enable  frequent  inspection,  each 
individual  pipe  being  supported  on  a  concrete  support  and  heavy 
anchorages  provided  at  all  points  where  the  pipe-line  changes 
direction.  In  many  cases,  sufficient  attention  has  not  been  given 
to  this  latter  requirement,  but  the  present  high-pressure  work 
demands  careful  consideration  to  this  point,  in  fact,  every  detail  of 
the  pipe-line  has  to  be  considered  in  the  light  of  the  very  heavy 
duty  imposed  under  the  high  falls  now  employed. 

Fig.  49. — Kinugawa  Hydro- Electric  Plant,  Japan. 


Fig.  49  gives  a  typical  example  of  pipe-lines  for  a  hydro- 
electric instiiUation  at  Kinugawa,  Japan.  It  consists  of  six  main 
pipe-lines  with  an  internal  diameter  of  1,520  to  1,100  mm.  and 
a  700  to  500  mm.  diameter  pipe-line  for  the  separate  exciter  unit. 
The  total  static  head  is  336  metres  (1,100  feet),  and  the  plate 
thickness  varies  from  10  mm.  at  the  top  to  25  mm.  at  the  bottom 
of  the  pipe,  the  joints  used  being  high-pressure  muflF-joint 
throughout. 

An  anchorage  during   construction   at    Rjukanfos,  Norway,  is 
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shown  in  Fig.  50.  consisting  of  ten  parallel  pipe-lines  with  a  diameter 
of  70  inches  to  50  inches  under  a  maximum  static  head  of  830  feet, 
the  thrust  being  transmitted  to  the  foundation  by  means  of  a 
cumber  of  cast-iron  rings  made  in  halves  and  bolted  together  round 
the  pipe  The  latest  improvement  in  the  art  of  welding  is  the 
reinforced  welded  pipe,  consisting  of  a  number  of  solid  forged  rings 
.hrunk  on  to  the  outside  of  the  pipe  adding  further  strength  to  the 
pipe  with  a  reduction  of  plate  thickness.     This  innovation  in  pipe 

Fig.  50.- Anchorage  for  Sled  Pipe-line  under  construction. 


design  has  been  of  immense  importance  as  far  as  turbine  installations 
are  concerned,  as  for  high  heads  it  permits  a  larger  diameter  pipe 
being  used  without  exceeding  the  maximum  limit  of  plate  thickness 
to  obtain  a  reliable  weld,  and  consequently  for  large  installations 
the  number  of  pipe-lines  would  be  less  as  compared  with  the  pipes 
of  uniform  thicknes?,  thus  reducing  the  initial  cost  of  installation. 
Tlie  first  pipe-line  where  this  type  of  pipe  was  used  was  installed  at 
Lo»  Angelos,  California,  in  connexion  with  the  j\Iunicipal  Hydro- 
Electric  power  stivtion.     The  inside  diameter  of  the  pipe  was  80 
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inches  with  a  maximum  static  head  of  930  feet,  corresponding  to  a 
plate  thickness  of  32  mm.  The  pipe  was  made  with  a  thickness  of 
16  mm.  only,  reinforced  by  steel  rings.  The  rings  are  rolled  solid 
out  of  the  steel  billet,  heated  and  shrunk  just  tight  on  to  the  pipe. 

The  reinforced  pipe  has  now  been  adapted  for  several  high- 
pressure  plants,  and  Fig.  51  illustrates  such  pipe-line  in  position, 
recently  installed  in  Korway.  For  exceptionally  high  heads, 
where  smaller  diameter  pipes  only  are  necessary,  solid-drawn  pipes 
are  employed.     An  example  is  furnished  by  the  pipe-line  of  the 

Fig.  51.— Reinforced  Steel  Pipe-line. 


Fully  installation,  to  which  reference  has  been  previously  made, 
AS  being  the  maximum  head  yet  utilized,  namely,  5,435  feet.  The 
diameter  varies  from  600  mm.  at  the  upper  portion  to  500  mm.  at 
the  bottom,  with  a  plate  thickness  of  from  6  to  43  mm.  Water-ga.s 
welded  pipes  are  used  up  to  34  mm,  thickness,  whereas  the  lower 
portion  with  a  thickness  of  from  35  to  46  mm.  consists  of 
solid-drawn  or  pressed  pipes.  The  present  method  of  manufacture 
permits  only  comparatively  short  lengths  of  this  diameter  being 
made,  which,  however,  are  welded  together  with  a  circumferential 
weld  in  lengths  of  about  18  feet. 

L  2 
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Conclusions. 

It  will  be  appreciated  that  within  the  limits  of  this  Paper  it  has 
only  been  possible  to  direct  attention  to  the  main  lines  along  which 
the  development  of  this  highly  specialized  branch  of  engineering 
lias  taken  place,  and  to  indicate  briefly  its  general  effect  on  the 
utilization  of  water-power.  In  considering  these  developments  as 
described  in  the  foregoing,  the  outstanding  features  can  be 
summarized  as  follows  : — 

(1)  The  exclusive  use  of  two  types  of  turbines  only,  namely, 
Francis  reaction  turbines  for  low  and  medium  heads,  and  Pelton 
impulse  wheels  for  high  heads. 

(2)  The  extension  of  the  use  of  Francis  turbines  under  heads 
approaching  800  feet,  and  Pelton  wheels  in  single  stage  up  to 
5,500  feet. 

(3)  The  exclusive  adoption  of  balanced  wicket-gates  for 
regulation  of  Francis  turbines  and  the  circular  nozzle  with 
combined  deflector  and  needle  regulation  for  Pelton  wheels. 

(4)  The  standardization  of  turbine  runners  and  increased 
specific  speed  permitting  the  use  of  single  vertical  units  of  large 
output  under  low  heads. 

(5)  The  general  increase  of  output  per  unit,  the  maximum 
output  at  present  being  31,200  b.h.p. 

(6)  The  general  increase  of  the  overall  efficiency  of  about  6  to 
10  per  cent. 

(7)  The  exclusive  use  of  oil-pressure  governors. 

(8)  The  efficient  regulation  (by  means  of  differential  surge-tanks) 
of  turbines  using  long  pipe-lines. 

(9)  The  employment  of  large  diameter  pipe-lines  under  high 
lieads  resulting  in  an  appreciable  reduction  of  the  initial  cost  of 
development. 

These  developments,  coupled  with  the  improved  construction  of 
impounding  dams  in  addition  to  multifarious  improvements  in 
details  tci  ensure  effective  .safeguards  and  reliability  in  operation, 
constitute  as  such  an  enormous  advance  from  a  purely  technical 
point   of   view,   but   of   even    greater    significance   has   been   the 
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unlimited  field  thereby  opened  up  for  the  application  of  electricity 
and  the  extended  scope  given  to  the  utilization  of  water-power  in 
the  service  of  civilization  ;  issues  of  the  greatest  magnitude  have 
been  raised  affecting  the  economic  life  and  future  prosperity  of 
nations,  and  from  being  a  question  to  be  left  solely  to  private 
enterprise,  the  control  and  development  of  water-power  now  rank 
among  the  vital  problems  of  national  interest. 

An  attempt  here  even  in  the  most  casual  manner,  to  touch 
upon  this  aspect  of  a  subject  on  which  much  could  be  written,  would 
be  impossible,  but  it  is  a  gratifying  fact  to  record  that  the 
development  of  the  water-power  resources  has  now  been  recognized 
as  an  important  factor  in  the  national-economic  problem,  and  in 
many  countries  Government  departments  have  been  set  up  to  deal 
with  this  question  to  the  best  national  advantage.  The  active 
interest  thus  shown  by  the  respective  Governments  has  proved  to 
be  a  valuable  stimulus  to  the  development  as  a  whole,  as  by  its 
intervention  the  laws  of  water  rights  and  their  expropriation  have 
been  remodelled  and  amended  in  accordance  with  modern  principles, 
and  necessary  safeguards  provided  for  the  protection  of  fishing  or 
other  vested  interests  in  addition  to  the  valuable  services  rendered 
in  connexion  with  hydrographical  surveys  and  the  collection  of 
reliable  data  and  records,  in  fact  in  all  questions  affecting  the 
rational  and  economic  utilization  of  water-power. 

State  owned  and  controlled  hydro- electric  power  stations  are 
now  in  successful  operation,  notably  in  Canada  and  Sweden,  and  it 
is  anticipated  that  further  important  developments  in  this 
direction  will  take  place,  as  the  war  has  caused  attention  to  be 
concentrated  on  the  development  of  the  valuable  water-power 
resources  in  connexion  with  the  establishing  of  new  industries 
necessary  to  preserve  independence  of  foreign  supplies,  or  with  the 
object  of  reducing  the  importation  of  coal. 

According  to  Professor  Gibson's  estimate,  the  total  amount  of 
water-power  available  in  the  world  exceeds  200  million  horse-power, 
and  in  Table  5  (page  150)  is  set  out  the  available  water-powers 
capable  of  economic  development  in  the  principal  countries  in 
Europe  and  America,  together  with  the  amount  already  developed, 
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as  published  by  the  Water-power  Branch  Ministry  of  Interior, 
Ottawa,  which  cannot  fail  to  reveal  the  enormous  scope  for  further 
developments  of  the  world's  water-power  resources.  The  harnessing 
of  distant  waterfalls  with  the  power  arteries  conducting  the  water 
from  the  mountains  to  the  power-house  in  the  valley  below,  the 
transmission  line  conveying  the  potential  energy  from  the  remote 
places  to  the  industrial  centres  for  useful  work  to  the  benefit  of 
mankind,  has,  as  already  stated,  been  of  the  greatest  significance 
to  the  economic  development  of  nations,  and  it  may  be  said  without 
exaggeration,  is  destined  to  become  one  of  the  most  important 
keystones  in  the  industrial  structure  of  this  great  Empire. 

The  rapids  in  Canada,  the  peaks  of  the  Himalayas,  the  rugged 
plateaux  of  New  Zealand  and  Tasmania,  and  the  Highlands  of 
Scotland  and  Wales,  contain  a  natural  wealth  of  incalculable  value, 
which,  together  with  the  advances  in  fixation  of  nitrogen  and  other 
electro-chemical  processes,  the  production  of  pulp,  development  of 
mineral  resources  and  other  staple  industries,  w^ill  in  the  near 
future  prove  to  be  a  leading  factor  in  the  industrial  reconstruction- 
of  our  EmpLre,  and  be  the  means  of  closely  linking  together  these 
great  independent  countries  in  the  coming  struggle  for  industrial 
supremacy. 

May  it  be  the  priv'ilege  of  the  present  generation,  and  in 
particular  of  the  Members  of  this  Institution,  to  take  a  leading 
part  in  this  great  work  of  developing  our  water-power  resources 
for  future  prosperity,  and  to  safeguard  the  glorious  traditions  of 
the  British  Empire. 

The  Author  desires  gratefully  to  acknowledge  the  assistance 
rendered  by  Mr.  Lewis  Moody  of  I.  P.  Morris  and  Co.,  Philadelphia, 
U.S.A.,  Messrs.  Morgan  Smith  and  Co.,  York,  U.S.A.,  Messrs. 
Picoard,  Pictet  and  Co.,  Geneva,  Messrs.  James  Gordon  and  Co., 
London,  and  Messrs.  A.  B.  Finshyttan,  Sweden,  who  have  kindly 
furnished  illustrations  and  particulars  of  plants  described  in  this' 
Paper. 

The  Paper  is  illustrated  by  51  Figs,  in  the  letterpress. 
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Diacusslon  in  Loudon  FrUhnj,  23;<l  January  1920. 

On  the  motion  of  the  Cuairman  (Mr.  Mark  H.  Robinson,  Vice- 
Pntithnt),  a  very  corilial  vote  of  thanks  was  passed  to  the  Author 
for  liis  most  interesting  Paper. 

Professor  \V.  E.  Da  LBV,  F.U.S.  (Member  of  Council),  said  that 
he  was  sure  all  the  meml)ers  would  agree  with  him  that  the 
Paj.ei-  would  become  a  clsissical  one  in  the  records  of  the  Institution. 
It  was  so  full  of  information  that  those  interested  in  hydro-electric 
stations  would  turn  to  it.  He  thought  they  were  greatly  indebted 
to  the  Author  for  collecting  and  bringing  together  in  available 
form  so  much  data  relating  to  the  subject.  He  well  remembered 
the  great  interest  which  was  aroused  in  the  engineering  world 
when  the  Niagara  Power  Station  was  built.  He  was  sorry 
Dr.  Unwin  was  not  present  that  evening.  He  was  Chairman  of 
the  Committee  which  sat  in  London  to  consider  and  adjudicate  on 
the  scheme.  But  compared  with  some  of  the  stiitions  described  in 
the  Paper,  the  station  at  Niagara  with  its  5,000  h.p.  turbine  was 
■quite  small. 

There  were  three  outstanding  points  of  interest  which  struck 
him  while  the  Paper  was  being  read.  The  first  point  was  the 
simplicity  of  the  mechanical  design  of  the  turbines  with  a  vertical 
shaft  and  with  all  the  bearings  placed  above  the  runner. 
Obstruction  to  the  free  flow  of  water  was  therefore  removed.  He 
(Professor  Dalby)  thought  this  worthy  of  the  closest  study  by 
mechanical  engineers  and  designers.  The  second  point  was  the 
increase  in  efficiency  obtained  by  large  plants.  Not  so  many  years 
ago  it  was  an  article  of  faith  that  the  best  designed  turbine  would 
not  give  a  greater  efficiency  than  80  per  cent,  but,  in  the  Paper, 
efficiencies  were  recorded  of  over  90  per  cent.  This  was  no  doubt 
due  to  the  direful  way  in  which  the  stream-line  flow  had  been 
conserved,  together  with  the  removal  of  obstructions  and  corners 
likely  to  form  eddies  and  therefore  to  use  up  energy.  The  turbine 
illustrated  in  the  I'aper  showed  how  the  vertical  design  with  the 
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bearings  above  the  runner  lent  itself  to  the  establishment  of 
stream-line  flow.  The  third  point  was  the  method  of  governing. 
Many  problems  were  inv'olved  in  the  successful  governing  of 
turbines  for  large  power  plants,  and  the  way  these  problems  were 
solved  was  well  worth  close  study. 

In  conclusion,  Professor  Dalby  ventured  to  suggest  that  there 
was  an  interesting  line  of  comparison  between  water-turbines  and 
steam-turbines.  In  the  Parsons  and  other  types  of  steam-turbine 
an  efficiency  of  90  per  cent  was  common.  A  comparison  of  the 
methods  of  design  and  calculation  between  the  water-  and  the 
steam-turbine  would  prove  highly  instructive.  Both  were  prime 
movers.  The  outstanding  difference  between  the  fluids  was  that 
the  volume  of  water  was  practically  independent  of  pressure  and 
temperature,  whilst  the  vokime  of  steam  was  a  function  of  its 
pressure  and  temperature  during  expansion. 

A  valuable  discussion  would  no  doubt  result  from  the  Paper, 
and  he  again  desired  to  express  his  thanks  to  the  Author  for  the 
manner  in  which  he  had  brought  together  so  much  information  of 
interest  to  engineers. 

The  Chairman  said  that  other  business  remained  to  be  done 
before  the  conclusion  of  the  present  Meeting,  and  as  it  was  certain 
that  the  discussion  on  the  Paper  would  have  to  be  adjourned,  he 
thought  it  would  be  better  to  adjourn  it  at  once  and  resume  it  at 
the  Annual  General  Meeting. 

The  Discussion  was  then  adjourned. 
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Discussion  in  Manchester,  29th  January  1920. 

The  Chaibmax  (Mr.  J.  Phillips  Bedson,  Member)  said  the  Paper 
was  of  very  great  interest.  The  powers  mentioned  were  so  great 
in  couipiirison  with  those  obtained  in  this  country— hundreds  of 
thousands  of  horse-power,  instead  of  250  to  500— that  it  was 
difficult  to  realize  the  large  amount  of  engineering  experience 
which  had  been  gained  on  the  Continent  and  in  the  United  States 
in  the  development  of  water-supply  for  power  purposes. 

Mr.  Joseph  Adamson,  who  was  not  able  to  come  to  the  Meeting, 
had  asked  him  to  put  this  question  with  regard  to  Fig.  20  (page  1 03) : 
"  How  do  you  make  the  joints  tight  at  the  bolts  ? "  On  referring 
to  Fig.  20,  he  observed  there  was  an  indication  of  some  joints,  but 
whether  those  were  the  joints  Mr.  Adamson  referred  to,  he  could 
not  say.  The  pressure  of  the  water  was  very  great,  and  it  must  be 
a  matter  of  the  utmost  importance  how  the  joints  were  made  and 
secured. 

llis  own  experience  of  water-power  was  limited.  In  1874  he 
became  interested  in  an  installation  of  two  120  h.p.  turbines,  not  of 
the  kind  which  had  been  described  in  the  Paper,  but  what  was 
known  as  the  Fourneron  tjpe,  which  was  very  much  in  vogue  at 
that  time.  Those  two  turbines  ran  continuously  night  and  day 
from  1874  to  1914  with  the  minimum  of  expense.  They  had  since 
been  replaced,  with  mucli  advantage,  through  the  gre;iter  economy 
in  the  use  of  the  water  and  the  increased  power  obtained  from  the 
new  turbines.  The  latter  were  of  American  manufacture  and  he 
supposed  they  would  be  of  the  Francis  type.  These  were  running 
now  and  giving  immense  satisfaction.  He  wished  he  had  more 
water  so  that  he  could  develop  more  power.  The  Fourneron  had 
very  small  orifices,  and  one  had  to  keep  it  free  from  leaves  and 
himilar  troubles.  These  new  turbines  would  pass  almost  anything 
in  reason  ;  and  on  the  question  of  expense,  he  might  make  the 
following  comparison.  He  had  water,  steam,  gas,  all  of  about  equal 
powers.  He  reckoned  water  as  1,  gas  as  15,  and  steam  as  50,  which 
was  the  relative  proportion  of  the  cost  of  running. 
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Mr.  Sydney  A.  Smith  said  that  he  had  seen  during  the  last  ten 
years  some  of  the  very  large  electric  power  plants  which  had  been 
installed  in  Sweden.  There  was  very  little  coal  in  that  country ; 
consequently  all  coal  had  to  be  imported  at  a  high  price,  and  at 
the  present  time  the  cost  was  somewhere  about  £8  to  £10  per  ton. 
The  scarcity  of  coal  had  made  it  essential  for  that  country  to  utilize 
other  sources  of  power.  There  was  timber,  for  one  thing,  which 
was  used  to  a  great  extent,  and  during  the  War  had  been  used  on 
locomotives,  but  better  than  that  were  the  water-power  systems  to 
which  the  Author  had  referred.  During  the  past  year,  and  at  the 
present  time,  many  Americans  were  going  to  Sweden  with  the 
impression  that  they  could  teach  the  people  something,  but  when 
they  had  been  there  a  little  longer,  they  would  find  the  Swedes 
were  not  as  slow  as  they  "imagined.  Hydro- electric  power 
installations  were  to  be  found  all  over  the  country.  Nearly  all 
the  works,  and  even  the  refreshment  rooms  on  the  railways,  were 
run  by  electricity,  and  most  of  the  iron  mines  had  complete  electric 
installations.  At  one  of  the  large  mines,  where  the  workings  were 
carried  to  a  depth  of  400  metres,  they  were  winding  from  two 
pits  about  2,000  tons  each  in  an  8-hour  shift.  That  mine  was 
worked,  both  on  the  surface  and  underground,  by  electricity  as  a 
result  of  the  development  of  hydro-electi"ic  power  stations.  Those 
who  had  not  visited  the  country  had  no  idea  of  the  immense  power 
produced  in  this  way.  On  an  estate,  which  he  knew  very  well, 
power  was  generated  and  sent  out  at  a  pressure  of  60,000  volts — 
a  pressure  which  was  practically  unknown  in  this  country — and  it 
was  conveyed  often  for  long  distances  up  to  30  miles.  Wherever 
a  mine  was  opened,  an  electric  power  line  would  generally  be  found 
within  a  short  distance.  Power  was  supplied  at  the  very  low  price 
of  50  to  60  kroner  (equivalent  to  .£3  6s.  8tZ.)  per  h.p.  per  annum. 
If  100  h.p.  were  required,  it  could  be  got  for  a  little  over  £300. 
As  the  late  Sir  William  Bailey  used  to  say,  the  great  thing  in  life 
was  to  concentrate.  Sweden  had  concentrated  on  electric  power 
and  could  teach  the  world  something  about  it. 

The  members  had  been  told  about  the  large  power-stations. 
There  were  also  a  great  number  of   small  power-stations.     On  a 
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strejim,  which  in  Enghind  would  not  be  thought  anything  of,  the 
Swedes  wouUl  install  ji  sin:ill  water-turbine  power-station  producing 
25  or  30  h.p.  A  short  distiince  further  along  the  stream — half  a 
mile  or  so— there  would  be  another  small  power-station  established. 
The  great  thing  in  these  smaller  hydro-electric  power-stations  was 
the  reliability  of  working.  Even  when  the  ground  was  covered 
with  snow  and  everything  was  frozen,  they  kept  a  man  breaking 
the  ice  to  keep  the  water  flowing.  Except  in  the  winter,  practically 
all  tbit  it  re(iuired  was  a  man  to  go  there  every  morning  and  look 
round,  tiike  his  oil-ciin  and  spend  about  a  quarter  of  an  hour  seeing 
that  the  machinery  was  all  right,  and  it  usually  required  no  further 
attention  until  the  next  day. 

Mr.  J.  G.  Walthew  asked  the  Chairman  if  Mr.  Smith  would 
repeat  the  figure  he  gave  as  the  price  of  electricity  in  bulk  in 
Sweden. 

Mr.  Smith  replied  that  it  was  £3  6«.  Sd.  per  h.p.  per  annum. 
In  1912  he  made  a  contract  for  500  h.p.,  and  the  contract  price 
delivered  at  the  transformer  house  was  £3  6a.  8J.  per  h.p.  per 
annum,  day  and  night  service,  although  the  Power  Co.  had  to  put 
down  a  special  power-line  for  a  length  of  about  20  miles. 

Mr.  Walthew  said  it  occurred  to  him  it  was  a  fairly  cheap  rate 
to  anyone  who  could  make  use  of  the  power  day  and  night,  but  for 
ordinary  day-load  and  considered  as  a  pre-War  price,  he  did  not 
think  it  would  be  so  cheap  in  comparison  with  other  systems  of 
producing  power  in  this  country.  He  was  not  complaining  there 
was  any  ovei-charging,  but  was  simply  trying  to  make,  a  comparison 
with  pre-War  costs  in  this  countiy.  That  was  the  whole  point 
about  the  introduction  of  water-power  in  this  country.  If  ever  it 
came,  as  they  hoped  it  would  (and  they  had  the  authority  of  the 
Prime  Minister  who  recently  said  that  it  ought  to  come  and  that 
it  would  come),  then  it  would  have  to  come  on  its  merits.  In  this 
country,  water  available  for  power  purposes  was  not  in  the  place 
where  they  wanted  it,  moreover  it  was  intermittent  in  flow.  It 
would    be    interestini:    if    the    Author   would    indicate    what    he 
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considered  to  be  the  possibilities  of  water-power  in  this  country, 
considering  the  present  high  cost  of  coal,  also  would  he  state  which 
type  of  water-turbine  he  thought  should  be  developed.  With  low- 
pressure  heads  this  would  probably  be  the  '*  Francis  "  type,  although, 
the  Pelton  wheel  seemed  to  offer  many  advantages. 

He  could  not  claim  to  have  had  any  actual  experience  with  water- 
turbines,  and  the  few  he  had  seen  were  in  the  north  of  Ireland  or 
the  north  of  Scotland,  and  in  both  cases  there  were  periods  when 
they  ran  short  of  water,  and  were  compelled  to  consider  some  other 
means  of  power  as  a  standby.  If  that  were  going  to  happen  in  this 
country  wherever  water-turbines  were  installed,  it  would  so  increase 
the  capital  outlay  as  to  be  a  very  serious  handicap.  Was  this  not 
one  reason  for  the  lack  of  development  that  had  taken  place  ?  He 
was  interested  to  note  how,  to  a  certain  degree,  the  more  recent 
improvements  in  the  design  of  water-turbines  followed  the  same 
lines  of  the  steam-turbines.  He  referred  principally  to  the  very 
large  pipes  with  easy  curves  and  branches  that  would  only  interfere 
with  flow  to  the  least  extent,  and  designed  so  as  to  avoid  sudden 
changes  in  velocity. 

He  concluded  there  were  serious  objections  to  the  vertical  type 
generator,  although  the  Author  had  referred  to  American  engineers 
again  favouring  this  type  in  connexion  with  water-turbines.  One 
advantage  of  the  Pelton  wheel  was  its  horizontal  type,  as  shown  in 
Fig.  40  (page  134).  Certainly  it  was  an  easier  matter  to  look  after 
the  bearings,  when  they  could  have  the  shaft  well  supported  by  a 
number  of  bearings,  than  if  the  entire  weight  were  supported  from 
a  foot-step  bearing. 

Mr.  William  Ixgham  said  the  first  thing  which  struck  him 
about  Mr.  Bergstrom's  Paper  was  its  comprehensive  nature.  He 
had  been  greatly  impressed  by  the  remarkable  progress  shown  to 
have  been  made  in  the  utilization  of  water-power,  and  the 
development  of  the  turbine,  both  for  water  and  steam,  during  the 
past  two  decades.  The  Paper  carried  him  back  some  twenty  or 
more  years  to  an  occasion  when  he  spent  a  night  in  the  Scottish 
Highlands  at  Glenborrodale  Castle  on  Loch  Sunart,  Argyleshire, 
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the  Scottish  seat  of  Mr.  C.  D.  Rudd,  the  South  African 
multimillionaire,  for  whom  he  had  been  carrying  out  some 
.engineering  work.  He  had  a  vivid  recollection  of  sailing  into 
Loch  Sunart  after  dark,  and  seeing  the  Castle  on  the  hillside 
overlooking  the  Loch,  one  V)lftze  of  electric  light.  On  looking  into 
the  source  of  the  power  the  next  day  he  found  this  was  obtjiined 
from  a  small  Pelton  wheel  placed  under  a  steep  waterfall,  and  he 
remembered  thinking  at  the  time  what  vast  reservoirs  of  power 
there  must  be  in  these  waterfalls,  and  the  gain  which  would  accrue 
if  these  potential  forces  could  be  fully  utilized. 

The  very  "eneral  recognition  and  exploitation  of  the  elementary 
principle  that  power  was  the  product  of  speed  into  resistance  had 
led  to  the  adoption  of  the  amazingly  high  speeds  now  attained  in 
the  internal-combustion  engine,  often  reaching  some  thousands  of 
revolutions  per  minute,  and  had  rendered  possible  successful 
navigation  of  the  air.  The  Author,  in  this  Paper,  had  shown  that 
by  a  similar  recognition  of  first  principles,  man  had  been  enabled 
to  harness  the  power  of  falling  water  to  his  ser\'ice,  and  with  even 
a  small  head  and  great  volume,  it  had  been  demonstrated  that  a 
vast  amount  of  mechanical  power  could  be  obtained  within  the 
British  Empire. 

The  experience  in  Switzerland  and  Norway,  where  they  had 
vast  stores  of  the  "  white  fuel "  (as  running  water  had  been  not 
inaptly  called),  appeared  to  him  to  bring  them  appreciably  nearer 
to  the  time  when  the  energy  of  the  tides  could  be  utilized.  The 
rise  and  fall,  that  is,  the  available  head,  was  certainly  small,  but 
the  volume  of  water  was  almost  illimitable.  He  was  led  to  make 
these  remarks  by  noting  in  the  Paper  the  smallness  of  the  head  (in 
many  cases  as  low  as  17  feet),  by  which,  owing  to  the  high 
efficiency  of  the  Francis  low-pressure  turbine  when  a  suffici«»t 
volume  of  water  was  available,  great  power  could  be  obtained. 

By  the  development  and  perfection  of  the  steam-turbine,  he 
noticed  only  last  week  that  some  makers  were  able  to  give  a 
guarantee  of  C  lb.  of  steam  consumption  per  i.h.p.  per  hour,  which 
was  certainly  a  remarkable  advance  on  the  3  lb.  of  coal  or|24  lb.  of 
steam  re<:piired  per  i.h.p.  per  hour  some  thirty  or  forty  years  ago. 
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Mr.  E.  L.  Leemixg  said  it  seemed  to  him  that  the  utilization  of 
the  force  of  the  tides  was  what  engineers  in  this  country  must  look  for 
rather  than  that  of  inland  sources  of  water-power.  He  had  recently 
been  doing  experimental  work  with  an  engineer  who  had  devised 
an  apparatus  which' would  float  on  a  stream.  The  flow  would  be 
confined  between  two  vertical  sides,  possibly  bell-mouthed  at  the 
entrance.  The  apparatus  would  float  with  a  continuous,  series  of 
blades — something  like  an  endless  series— and  possibly  the  speed 
would  be  about  one-third  of  the  flow  of  the  water.  It  seemed  to 
him  that  was  a  very  cheap  method  of  obtaining  power,  though  to 
what  extent  power  would  be  got  for  the  capital  involved  it  was  not 
possible  to  say  just  now.  But  there  seemed  to  be  a  good  chance<of 
getting  power  out  of  the  tide  which  was  regular.  In  many  cases 
the  velocity  of  the  water  was  considerable.  At  Fleetwood,  for 
instance,  the  velocity  was  tremendous,  and  the  rise  of  the  tide  was 
about  30  feet.  He  would  like  to  know  whether  the  Author  had 
any  experience  of  the  utilization  of  the  tide  ;  and  if  he  thought 
that  this  floating  apparatus  offered  some  possibilities  of  obtaining 
energy  economically. 

Mr.  A.  DuN'DERDALE  observed  that  in  North  Wales  two 
municipalities  had  under  consideration  hydro-electric  schemes  for 
lighting  and  power.  In  one  case  three  tenders  were  sent  in — for 
steam,  gas,  and  for  water.  After  taking  everything  into  consideration 
— the  capital,  the  interest,  etc. — the  water  scheme  was  shown  to 
lie  by  far  the  cheapest.  Whether  it  would  be  adopted  he  did  not 
know  at  the  moment,  but  it  was  suitable  for  the  circumstances. 
Tfie  population  in  the  district  to  be  supplied  was  fairly  scattered, 
and  it  would  be  necessary  to  generate  at  rather  high  voltages  and 
ti'*nsform  down,  but  he  thought  the  saving  effected  by  using  water 
would  very  greatly  compensate  for  any  loss  of  efficiency  due  to 
transformers. 

Mr.  F.  Stone  said  that'  in  this  country  they  had  not  the  water  • 
resources  which  were  available  in  Tasmania,  Norway,  and  parts  of 
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America.    He  agreed  that  the  greatest  hope  here  was  the  utilization 
of  the  tides.     Some   time  ago   he  visited   the   Chester  hydraulic 
Htation   and  was   much    impressed  with  the  fact  that  it  worked 
splendidly  with  a  very  small  head  of  water.     Where  the  Chester 
station  was  situated  the  river  was  tidal.     Some  years  ago  he  saw 
the   Llanberis   Power   Station   and   was  also   impressed   with   its 
simplicity.     With   a   head   of    1,200   feet   they   were   distributing 
current  over  an  area  of,  he  thought,  about  200  square  miles,  at  a 
cost   of   a   penny    for    10    units.     They  were  supplying  it  to  the 
British   Aluminium    Corporation  who   also   had   a    hydro-electric 
station  on  the  River  Conway.     When  the  capital  cost   could  be 
reduced  so  that  current  could  be  supplied  at  one-tenth  of  a  penny 
per  unit,  they  could  look  forward  to  a  time  when  coal  would  be 
abandoned  and  they  would  use  hydro-electric  stations  exclusively. 
But  the  future  of  England  lay  really  in  the  utilization    of   tidal 
power.     It  had  not  the  rivers  with  the  thousands  of  feet  fall  that 
existed   in   America,  and    other    places,   and  he   therefore   looked 
forward  to  some  device  for  using,  say,  up  to  10  feet  head  of  water. 
He  was  very  interested  in  the  subject  of  efficiency  governing, 
and  he  noted  that  in  the  Llanberis  Station  the  method  of  governing 
was   to   deflect  a   constant  stream   of   water  from  the   periphery 
of  the  Pelton  wheel.     If  the  generator  were  working  at  quarter 
load,  it  used  exactly  the  same  quantity  of  water  as  though  it  were 
working  at  full  speed.     He  was  informed  that  that  was  the  best 
method  of  governing  it,  and  he  would  like  to  know  whether  there 
had  been  subsequent  improvements.     He  could  not  see  the  point 
in  regard  to  the  surge-tank,  unless  it  was  placed  on  the   Pelton 
wheel  itself ;  otherwise  the  inertia  of  the  water  came  between  the 
surge-tank  and  the  Pelton  wheel. 

Mr.  Gilbert  Cook  said  that  the  Author  referred  (page  83)  to 
the  measurement  of  large  quantities  of  water  by  the  chemical 
method.  It  was  not  very  long  since  this  method  was  regarded  as 
at  best  a  very  rough  approximation,  and  he  would  be  glad  if 
Mr.  Bergstrom  would  give  some  details  as  to  the  method  now 
used,  namely,  as  to  the  chemical  employed  and  how  it  was  put  into 
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the  water,  because  this  system  obviously  had  an  application  outside 
this  particular  subject. 

In  Table  5  (page  150)  giving  the  available  b.h.p.  per  head  of  the 
population  of  different  countries,  he  noticed  that  Germany  and 
Great  Britain  had  the  same  amount  of  available  b.h.p.  per  head,  but 
the  proportion  actually  used  by  the  latter  country  was  only  one- 
fifth  of  the  proportion  used  by  Germany.  In  that  connexion  he 
asked  whether  the  available  b.h.p.  was  the  actual  amount  of  power 
that  could  be  used ;  that  is  to  say,  did  it  take  into  account  water 
that  could  not  be  used  for  power  such  as  reservoirs  for  the  water 
supply  of  towns  ?  Or  was  it  merely  water  at  present  unused  for 
any  other  purpose.  The  subject  was  most  interesting,  and  the 
Author  had  made  a  very  valuable  contribution  to  the  existing 
knowledge. 

Mr.  T.  Roland  Wollaston  asked  the  Author's  opinion  as  to  the 
possibilities  of  a  combination  of  the  Humphrey  pump  with  the 
hydraulic  turbine  as  a  power  unit.  He  believed  that  the  Humphrey 
gas-pump  had  not  been  an  unqualified  success — exactly  why  he  did 
not  know — but  to  some  extent  it  had  been  a  success,  and,  if  he  was 
not  mistaken,  it  had  shown  something  well  over  40  per  cent  thermal 
efficiency.  He  noticed  on  some  of  the  diagrams  that  they  obtained 
a  mechanical  efficiency  with  turbines  approximating  90  per  cent. 
If  one  took  them  as  40  per  cent  and  90  per  cent  respectively,  one 
obtained  36  per  cent  as  the  all-round  efficiency  of  the  combination, 
which  easily  surpassed  the  steam-turbine  or  gas-engine.  He  believed 
that  a  good  many  people  were  concentrating  on  that  combination, 
and  he  thought  the  Author  must  have  given  some  consideration 
to  it. 

Another  matter  to  which  he  might  allude  was  the  cost  per  h.p. 
per  annum.  He  had  occasion  to  go  into  this  problem  from  almost 
every  point  of  view.  One  speaker  had  mentioned  £3  6s.  8d.  per  h.p. 
per  annum.  He  remembered  Professor  Donnen,  when  speaking  at 
a  meeting  of  the  Society  of  Chemical  Industry,  held  out  great 
prospects  for  the  British  chemical  industry  if  and  when  the  cost  of 
the  horse-power  was  reduced  to  308.  per  annum.     He  need  hardly 
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mention  that  that  was  before  the  War.  The  price  of  £3  6«.  8d.  per 
h.p.  per  annum  was  phenomenally  low  ;  there  was  no  possible  way 
in  whii'h  it  could  be  obtained  at  the  present  time.  He  did  not  see 
how  any  other  combination  but  a  hydraulic  arrangement  such  as 
Imd  been  described  could  possibly  give  them  hor.se-power  under  £4 
per  annum,  unless  some  rebate  were  ol)tainfible  from  by-product 
recovery  from  the  fuel. 

There  was  one  other  point  touching  upon  that  question.  The 
t'reatditticulty  in  connexion  with  hydraulic  turV)ines  was  the  enormous 
capital  cost  in  civil  engineering  preparation  and  the  standing 
charges  thereby  set  up.  He  remembered  a  young  friend,  who  had 
been  for  some  years  with  Escher  Wyss  and  Co.  in  Switzerland,  told 
him  that  of  the  proposals  put  before  that  firm  a  very  large  number 
did  not  culminate  in  hydraulic  installations,  but  in  steam  or  gas 
installations,  for  the  simple  reason  that  the  capital  charges  on  the 
hydraulic  instiiUation  were  prohibitive.  If  they  could  avoid  these 
capital  charges,  no  other  source  of  power  could  compete  with  it. 

In  Fig.  13  (page  91)  the  Kingsbury  thrust-bearing  was 
illustrated.  With  regard  to  this  he  wished  to  ask  whether  the 
Michell  thrust-bearing  had  yet  been  used  in  hydraulic  turbines  ? 
If  not,  it  ought  to  be,  and  it  would  prove  a  very  substantial 
improvement. 

Mr.  E.  M.  Bergstrom,  in  his  reply,  stated  that  he  wished  to 
record  his  appreciation  of  the  reception  given  to  his  Paper  and  to 
thank  those  who  had  taken  part  in  the  discussion.  He  understood 
that  the  Chairman's  question  about  the  joints  in  Fig.  20  (page  103) 
referred  to  the  vertical  joints  on  the  spiral  casing.  They  were 
machined  joints,  and  the  effective  head  on  the  casing  was  75  feet, 
which,  after  all,  was  not  very  high.  To  make  the  joints  tight  there 
was  a  recess,  and  the  practice  was  to  use  a  thin  paper  gasket  for 
those  pressures,  but  for  high  pressures  rubber  gaskets  were  used. 

He  was  grateful  to  Mr.  Smith  for  his  remarks  about  Sweden, 
but  his  reference  to  America  required  some  qualification.  In 
the  Paper  he  (Mr.  Bergstrom)  had  particularly  emphasized  the 
importance   of   the   interchange   of    ideas    between    America    and 
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Europe,  as  far  as  the  development  of  the  turbine  and  its 
manufacture  were  concerned,  and  he  was  certjxin  the  same  remarks 
would  also  apply  to  other  manufactures.  America  developed  the 
turbine  experimentally  and  then  came  to  a  standstill,  the  reason 
for  which  was  ascribed  by  an  American  authority  to  the  tendency 
in  that  country  of  considering  the  manufacture  of  turbines  of 
little  above  the  class  of  agricultural  implements,  instead  as  a  high- 
class  machine  which  should  be  constructed  on  most  up-to-date  lines. 
In  Europe  the  development  on  a  scientific  basis  and  improved 
manufacturing  methods  enabled  them  to  design  very  much  more 
efiicient  plants  and"  to  become  the  pioneers  even  in  America  for 
development  of  hydro-electric  power  on  a  large  scale,  until  in  this 
latter  country  it  was  realized  that  it  was  necessary  to  adopt 
improved  methods  in  the  manufacture  and  design  of  the  hydraulic 
turbines,  the  development  of  which  had  enabled  water-power  to  be 
developed  on  the  scale  it  was  to-day.  During  the  last  fifteen 
years,  America  had,  however,  made  tremendous  progress,  especially 
in  the  development  of  Francis  turbines  for  large  units,  with 
improvement  of  high-speed  runnei"s  and  efficiencies,  and  it  now 
ranked  second  to  none.  The  recent  development  in  America  had 
had  a  most  useful  eflfect  in  the  renewed  efforts  in  Europe  to  extend 
the  possibilities  of  the  Francis  turbine  both  in  respect  of  speed  and 
efficiencies,  the  result  of  which  he  had  endeavoured  to  show  in  his 
Paper. 

Mr,  Smith  referred  to  the  cost  of  water-power,  a  subject  which 
he  had  purposely  not  touched  on  in  his  Paper.  In  itself  it  was  a 
very  large  subject.  The  cost  of  water-power  varied  so  greatly  that 
it  was  impossible  to  lay  down  any  hard  and  fast  rule.  In  certain 
districts,  where  power  was  very  expensive,  water-power,  if  existent, 
would  always  pay  in  spite  of  its  large  initial  capital  cost.  On  the 
other  hand,  there  were  countries  (Norway  for  instance)  where  in 
most  cases  high  falls  were  available,  and  the  cost  of  development 
per  unit  consequently  much  less,  and  hence  they  were  able  to 
develop  power  at  a  very  much  cheaper  rate  than  anywhere  else  in 
the  world.  He  knew  of  a  contract  which  had  been  recently  signed 
in    Norway   in    connexion    with   a   plant   which    was   now    under 
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construction,  where  the  contract  price  was  only  £1  IGs,  Od.  per 
b.h.p.  piT  iiniium.  At  the  same  time,  the  Hydraulic  Department 
in  Tasmania  sold  power  in  bulk  at  approximately  £2  to  ii2  lOfi.  Od. 
per  e.h.p.  per  annum. 

All  through  the  discussion  he  noticed  that  most  of  the  speakers 
seemed  to  be  under  the  impression  that,  as  compared  with  the  large 
water-powers  on  the  Continent  and  in  America,  very  little  could 
be  done  in  this  country.  One  object  of  the  Paper  was  to  give  a 
review  of  the  improvements  and  developments  of  the  mechanical 
equipment  of  hydro-electric  plant,  as  water-power  now  formed  such 
a  great  question  in  this  country,  and  the  resources,  however  small, 
were  bound  to  be  considered  in  connexion  with  the  programme  of 
reconstruction,  and  he  understood  that  a  Bill  on  the  subject  was  to 
be  introduced  next  Session.  The  Water-Power  Committee  recently 
appointed  were  carefully  investigating  and  studying  the  water- 
power  resources  of  this  country,  and  it  was  seen  from  this 
Committee's  Interim  Report  that  as  far  as  Scotland  was  concerned, 
there  were  several  hundred  thousand  horse-power  which  could  be 
immediately  and  economically  developed.  These  power  propositions 
in  Scotland  were,  of  course,  far  away  from  industrial  areas,  and  it 
was  necessary,  therefore,  to  develop  those  powers  primarily  for  such 
new'  industries  which  depended,  in  the  first  instance,  on  cheap  power, 
and  secondly,  employed  a  continuous  process  which  enabled  power 
to  be  utilized  to  its  fullest  extent  at  a  high  load-factor.  As  an 
example,  he  mentioned  electrolytic  decomposition  of  zinc  as  being 
an  industry  highly  suitable  to  be  developed  in  connexion  with  our 
water-power  resources.  Its  success  was  entirely  dependent  on  cheap 
power,  and  the  process  had  a  theoretical  load-factor  of  100  per  cent. 
Then  there  was  the  manufacture  of  calcium  carbide,  nitrogen  and 
other  important  electro-chemical  or  metallurgical  processes,  which 
were  of  equal  importance  in  connexion  with  development  on  a 
Large  scale  of  the  available  water-powers  in  Scotland. 

On  the  other  hand  there  were,  in  this  country,  a  large  number 
of  low-pressure  installations  of  medium  size  well  worthy  of 
consideration.  The  Chester  Municipal  Hydro-Electric  Station 
wiuj  an  example  of  what  could  be  done.     The  York  Municipality 


Tan.  1920.  IIECENT    UTILIZATION   OF    WATER-POWER.  165 

was  just  considering  a  similar  installation  on  the  River  Ouse,  and 
although  the  capital  cost  per  unit  might  be  considered  high,  it  had 
been  shown,  after  careful  investigation,  that  it  would  appreciably 
reduce  the  Municipal  coal  bill  and  be  a  boon  to  the  ratepayers. 
One  must  also  keep  in  mind  the  simpler  working  of  the  hydro- 
electric station  and  the  reduced  cost  of  operation.  He  had  been 
connected  with  a  proposition  at  a  coal  mine,  where  they  had  on  the 
property  a  comparatively  small  water-power,  where  modern  turbines 
were  installed  and  the  power  transmitted  to  the  mine,  and  although 
they  had  coal  there  at  a  very  low  figure,  the  capital  expenditure 
was  justified. 

Mr.  Walthew  referred  to  the  vertical  type  of  generators.  One 
reason  for  their  use  in  America  was  that  they  had  built  that 
particular  type  for  a  number  of  years  in  connexion  with  vertical 
steam-turbines.  The  vertical  turbine  was  the  only  type  which 
suited  falls  up  to  10  feet,  and  if  vertical  generators  were  not  used, 
gears  would  have  to  be  introduced  with  corresponding  loss  in 
overall  efficiency  of  the  plant.  Consideration,  however,  would 
have  to  be  given  to  the  fact  that  not  only  did  the  flow  in  the  rivers 
in  this  country  fluctuate  to  a  great  extent,  but  also  the  available 
head.  Under  these  conditions  it  was  often  impracticable  to  employ 
vertical  generators  on  account  of  the  low  speed,  and  the  horizontal 
arrangement  with  gearing  had  to  be  resorted  to,  but  when  possible, 
the  direct  drive  with  vertical  generators  undoubtedly  offered  the 
best  advantages. 

Mr.  Ingham,  quite  rightly,  referred  to  the  question  of  tidal 
powers.  There  had  been  a  large  amount  of  thought  given  to  that 
particular  subject.  He  remembered  an  excellent  article  which  was 
published  m  a  French  scientific  paper  two  or  three  years  ago,  which 
put  together  the  various  suggestions  that  had  been  made  during, 
say,  the  last  twenty  years  for  the  utilization  of  tidal  powers.  In 
fact,  on  account  of  the  scarcity  and  high  cost  of  coal,  the  question 
of  tidal  power  had  received  very  great  consideration  in  France,  and 
a  Commission  had  been  appointed  by  the  French  Government  to 
investigate  to  what  '  extent  tidal  power  could  be  economically 
utilized.     He  understood  the  Report  of  the  Commission  had  been 
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already  published,  but  he  hud  not  been  able  to  obtain  a  copy,  so 
that  he  did  not  yet  know  what  conclusions  the  Commission  had 
arrived  at. 

With  regard  to  tidal  powers,  the  question,  of  course,  was  the 
capital  cost.  They  all  knew  that  tidal  powers  were  intermittent, 
and  to  obtjiin  continuous  working  it  was  necessary  to  build  two 
separate  storage  basins.  It  was  in  that  connexion  that  the  cost  of 
dams  and  other  civil  engineering  work  was  in  most  cases  so  enormous 
that  generally  it  was  found  not  to  be  an  economical  proposition. 
One  particular  case  had  been  investigated  in  France  where  the 
natural  conditions  were  particularly  favourable  for  utilization  of 
the  tidal  forces  on  account  of  the  very  short  barrages  which  would 
need  to  be  constructed,  but  from  the  figures  obtained,  it  struck 
him  that  even  in  this  particular  case,  the  cost  was  more  than  ,£85 
per  kw.,  which,  of  course,  was  a  large  capital  on  which  to  pay 
interest  for  any  power  proposition. 

Mr.  Cook  asked  a  question  with  leference  to  the  chemical 
method  of  measuring  quantities  of  water.  The  chemical  used  was 
in  most  cases,  ordinary  salt.  On  account  of  the  short  time  at  his 
disposal  to  reply  to  the  discussion,  he  was  unable  to  give  details, 
but  in  his  written  reply,  he  would  give  a  short  description  of  the 
methods  of  introducing  the  solution  in  the  water. 

Mr.  Leeming  referred  to  some  arrangement  for  utilizing  the 
tides  by  i  means  of  a  floating  appai-atus.  Some  years  ago  there 
were  suggested  several  systems  of  that  kind.  The  difficulty  was 
that  one  could  not  store  the  power ;  large  powers  were  got 
intermittently,  and  it  was  a  question  of  being  able  to  use 
intermittent  power  and,  generally,  it  was  not  feasible. 

Mr.  Stone  referred  to  the  Llanberis  plant  governor.  Since  that 
time  the  plant  had  been  modernized,  and  was  now  equipped  with 
new  governors  working  on  the  principle  of  combined  spear  and 
deflector  regulation  as  shown  in  Fig.  39  (page  131). 

Mr.  Wollaston  referred  to  a  possible  combination  of  the 
Humphrey  pump  and  turbine  as  a  power  unit.  This  point 
lie  would  have  to  deal  with  in  his  written  reply.  Mr.  Wollaston 
also  referred  to  the  Michell  thrust-bearing.     He  (Mr.  Bergstrom) 
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had  been  rather  troubled  himself  as  to  the  proper  name  of 
this  bearing.  He  understood  it  was  invented  by  Mr.  Kingsbury 
in  Philadelphia,  and  was  first  used  with  water-turbines  on  the 
Mississippi  plant.  As  far  as  he  could  gather,  the  Kingsbury  and 
Michell  bearings  were  absolutely  identical,  and  were  now  extensively 
used  with  horizontal  steam-turbines  ;  they  were  manufactured  in 
this  country  by  Yickers,  Limited. 

A  vote  of  thanks  to  the  Author  was  passed. 


Discussion  in  London,  Friday,  20th  February  1920, 

Mr.  Alan  E.  L.  Chorlton,  C.B.E.,  said  that  at  the  last  Meeting 
Professor  Dalby  (page  152)  had  raised  the  question  of  the  efficiency 
of  the  turbine  as  being  one  of  the  principal  points  in  the  Paper. 
Unfortunately,  the  reader  of  the  Paper  was  not  present  that 
evening,  and  the  questions  that  he  (Mr.  Chorlton)  would  have  liked 
to  have  asked  him  he  supposed  could  only  be  dealt  with  in  a  written 
reply.  The  efficiency  of  the  turbine  was  shown  in  the  Paper  to  rise 
to  the  extent  of  probably  from  5  to  8  per  cent.  He  desired  to  ask 
the  Author  what  was  the  particular  part  or  parts  in  the  design,  the 
alteration  of  which  had  secured  that  efficiency.  He  had  had  the 
honour  some  time  ago  of  reading  a  Paper  on  some  turbine  centrifugal 
pumps.  There  was  always  a  very  close  analogy  between  a  pump 
and  a  turbine ;  one  was  a  reverse  action  of  the  other.  If  the 
Author  had  actually  secured,  in  his  latest  designs,  that  increase  of 
efficiency  in  turbine  wheels  of  comparatively  moderate  capacity,  it 
was  reasonable  to  expect  that  such  gains  and  advantages  could  be 
incorporated,  at  any  rate,  perhaps,  to  a  modified  extent,  in  the 
turbine-pump  itself.  One  was  a  convergent  and  the  other  a 
divergent  machine,  and  that  was  where  the  risk  lay  in  applying  the 
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gains  made  in  one  to  the  other.  The  Francis  turbine,  of  which  the 
Author  spoke  in  his  Paper,  was  rarely  used  as  a  pump.  It  had 
been  developed  to  a  certain  extent,  but  not  to  a  great  extent. 
More  detail  in  the  exact  design  of  that  turbine  would  be  appreciated 
very  much  by  himself,  and  probably  also  by  other  members. 

The  Paper  was  compendious,  and  did  not  go  into  any  of  the 
smaller  parts  of  the  design ;  it  rather  dealt  with  the  main  principles 
throughout.  Another  point  he  desired  to  raise  was  with  reference 
to  the  Kingsbury  bearing.  Was  that  bearing  the  same  as  what 
was  known  as  the  ^Michel  bearing?  Was  it  not  on  a  somewhat 
similar  principle?  On  page  91  the  Author  dealt  with  the  question 
of  axial  thrust.  In  turbines  working  under  large  heads  the  axial 
thrust  must  be  very  great,  and  the  description  of  the  automatic 
arrangement  for  securing  that  was  not  quite  as  clear,  or  at  any  rate 
appeared  to  him  to  be  not  so  necessarily  precisely  done,  as  had  been 
found  necessary  with  a  pump.  Perhaps  the  Author  could  give 
some  more  details  in  regard  to  that  point.  He  could  only  add 
his  congratulations  to  those  of  Professor  Dalby  on  the  very 
excellent  form  of  the  Paper  throughout. 

The  Discussion  was  then  adjourned  to  Friday,  5th  March. 
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Discussion  in  London,  Friday,  5th  March  1920. 

Mr.  LouGHXAN  Pexdred,  in  opening  the  discussion,  thought 
that  one  of  the  weaknesses  of  any  Paper  which  endeavoured  to 
cover  a  very  wide  field,  was  that  the  Author  laid  himself  open  to 
the  charge  of  making  omissions.  In  the  present  Paper  the  Author 
had  dealt  with  hydraulic  turbines  in  many  parts  of  the  world,  and 
had  endeavoured  to  cover  so  wide  a  field  that  he  had  been  obliged, 
simply  by  lack  of  space,  to  omit  touching  on  many  points  that 
ought  to  have  been  referred  to.  So  far  as  The  Institution  was 
concerned,  a  very  important  point  indeed  was  raised  by  the  very 
fact  that  the  Author  had  not  been  able  to  touch  on  every  problem 
that  ought  to  have  been  dealt  with.  It  was  very  questionable  if 
Papers  like  the  present  one  were  really  of  the  kind  that  The 
Institution  wanted.  Xearly  everything  that  the  Author  said 
might  be  found  in  other  places  accessible  to  the  members.  It 
was  difficult  to  find  any  part  of  the  Paper  that  was  suitable  for 
discussion.  The  Paper  could  be  reviewed,  as  a  book  could  be 
reviewed;  but  nothing  was  put  forward  in  such  a  form  that  the 
members  could  take  it  up  and  argue  it  out.  He  thought  the 
greatest  value  to  be  obtained  from  the  Meetings  of  the  Institution 
was  the  discussion  of  real  difficulties  or  real  problems  that  came 
before  the  members  as  mechanical  engineers ;  and  the  reading  of 
a  mere  description  of  a  number  of  stations  was  not  the  most 
profitable  way  in  which  the  members  could  spend  their'  time, 
especially  if  those  descriptions  had  already  been  published  in 
other  places. 

Turning  to  the  omissions  to  which  he  had  referred,  the  members 
would  no  doubt  have  observed  that  in  the  Tables  which  appeared 
on  pages  58-61,  power-stations  in  the  United  States,  Norway, 
Canada,  Sweden,  Japan,  and  Great  Britain  were  mentioned,  but 
there  was  no  mention,  either  in  the  Tables  or  in  any  other  part 
of  the  Paper,  of  the  excellent  work  which  had  been  done  in  Italy 
and  in  France.  He  thought,  in  view  of  the  high  position  that 
Italy  had  taken  in  the  development  of  hydraulic*  power,  that  was 
rather  a  serious  omission,  and  one,  moreover,  which  the  Italians 
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would  feel  rather  acutely.  It  must  be  remembered  that  there 
were  several  very  eminent  Italian  firms  which  manufactured 
turbines,  among  whom  might  be  mentioned  Riva-Monneret,  Tosi, 
and  Breda ;  and  that  Italy  possessed  many  noted  stations,  for 
instance,  the  Vizzola  station,  which  had  thirteen  turbines  of 
2,000  h.p.  each,  and  which  in  1901  was  the  largest  in  Europe; 
and  the  Adamello  hydro-electric  plant,  which  was  referred  to  in  a 
diao'ram  (page  127) — (that  was  the  only  reference  in  the  Paper  to 
an  Italian  plant) — had  five  Pelton  wheels  of  6,500  h.p.  each. 

In  order  in  some  measure  to  make  up  for  the  omissions  in  the 
Paper,  he  desired  to  place  before  the  members  a  drawing  of  a  very 
remarkable  turbine  made  by  lliva.  (A  slide  was  then  shown  of  an 
illustration  which  appeared  in  a  supplement  to  The  Engineer, 
7th  November  1919.)  The  turbine  was  of  the  Pelton  type,  and 
had  two  wheels  of  different  diameters.  He  would  be  most 
inteiested  to  hear  from  the  Author  if  other  examples  of  that 
arrangement  existed.  The  set  was  made  for  the  Italian  Electric 
Railways  power-station  at  Bardo-Necchia.  The  water-power  was 
drawn  from  two  separate  sources,  one  at  2,000  feet  head  and  the 
other  at  670  feet  head.  A  great  variation  of  power  occurred,  and 
an  automatic  device  cut  out  the  small  wheel  when  it  was  not 
needed.  The  large  wheel  developed  3,500  h.p.  with  one  jet,  and 
the  small  wheel  2,500  h.p.  with  two  jets. 

He  desired  to  mention  another  rather  interesting  point  which 
also  had  something  to  do  with  internationalism,  namely,  what  was 
CJxUed  in  the  Paper  the  Kingsbury  thrust-bearing,  Fig.  13  (page 
91).  It  would  be  seen  that  it  was  practically  the  same  as  what 
was  known  in  this  country  as  the  Michell  bearing,  which,  as  the 
members  were  probably  aware,  had  almost  efi'ected  a  revolution 
in  the  arrangement  of  the  engine-rooms  of  steam-ships.  It 
reduced  the  thrust-block,  which  was  an  enormously  long  thing  and 
which  caused  a  deal  of  anxiety,  to  quite  a  small  space.  Michell 
arrived  at  his  solution  of  the  thrust-bearing  problem  by  a  study  of 
Osborne  Reynolds's  thesis  of  1886,  which  followed  Beauchamp 
Tower's  research  of  1884,  in  which  this  Institution  took  such  a 
considerable   pride.     Michell's  work  was   done   in    1902-3-4,    and 
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he  published  an  account  of  it  in  the  German  periodical  Zeitschrift 
fur  ^[athematik  und  Physil-  in  1905.  He  patented  his  device 
in  Great  Britain  and  Australia  in  January  1905,  but  he  had  no 
money  to  spare,  and  therefore  took  out  no  foreign  patents. 
Kingsbury,  who  was  an  American,  filed  his  application  two  years 
after  Michell,  although  Kingsbury  had  been  working  on  the  subject; 
the  scientific  development  of  the  thrust- block  with  the  tilting  pieces 
was  first  worked  out  by  Michell,  who  could  be  claimed  as  one  of 
their  own  people,  as  he  was  an  Australian.  Kingsbury's  claim  to 
priority  rested  on  the  fact  that  under  the  American  law  a  citizen 
of  America  was  allowed  two  years  priority  over  any  foreigner, 
provided  he  could  prove  that  he  had  been  experimenting  on  his 
invention,  and  Kingsbury  was  able  to  show  that  he  had  done  so. 
Nevertheless  the  principles  were  first  laid  down  scientifically  by 
Michell.  The  mechanical  features  diflfered,  and  it  might  be  necessary 
to  retain  the  distinguishing  names,  but  in  the  Proceedings  of  this 
Institution,  at  any  rate,  attention  ought  to  be  called  to  the  fact 
that  the  Kingsbury  bearing  was  the  same  as  a  British  invention  ^ 
namely,  the  Michell  bearing. 

Mr.  A.  C.  Anderson  said  that,  speaking  as  an  engineer  who 
was  doing  nothing  else  but  hydro-electric  work,  the  Paper  was 
rather  disappointing  to  him,  because  he  did  not  think  it  was 
sufiiciently  up  to  date,  which  was  unfortunate  at  the  present 
time  when  British  manufacturers  were  trying  to  pull  up  level  with 
manufacturers  abroad  in  that  kind  of  work.  It  was  very  difficult 
to  cover  so  much  ground  as  was  attempted  to  be  covered  by  the 
Paper.  For  instance,  he  was  very  sorry  to  see  that  the  Author 
had  omitted  to  say  anything  about  costs.  The  first  costs  of 
hydro-electric  plant  were  a  very  important  consideration,  and  were 
frequently  not  sufficiently  looked  into  at  first,  especially  in  regard 
to  the  development  of  such  things  as  tidal  power.  On  the  top  of 
page  57  the  Author  gave  the  Americans  credit  for  the  development 
of  the  modern  Francis  turbine.  He  did  not  think  that  was  correct. 
He  thought  the  Americans  standardized  very  much  while  Europe 
experimented.     Personally  he  would   give  the  credit  for  the  best 
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types  of  Francis  turbine  to  the  Swiss.  It  was  impossible  to  make 
a  water-turbine  as  a  steam-turbine  would  be  made.  For  plant  of 
any  size  the  turbine  had  to  be  fitted  to  the  hydraulic  conditions. 

He  quite  agreed  with  the  remarks  Mr.  Pendred  had  made  with 
regard  to  the  thrust-bearing.  The  Kingsbury  bearing  contained, 
however,  what  some  people  believed  was  an  improvement  on  the 
Michell  bearing,  while  other  people  regarded  it  as  a  complication. 
The  very  sweeping  statement,  "  The  most  recent  type  of  thrust- 
bearing  is  the  '  Kingsbury,' "  was  made  at  the  bottom  of  page  90. 
That  rather  led  one  to  think  that  the  Author  imagined  there  were 
no  other  thrust-bearings  than  the  Kingsbury  bearing,  which  was 
not  the  most  recent  type  of  thrust-bearing.  In  his  opinion  one  of 
the  most  recent  types  in  use  was  the  spring  thrust-bearing,  in 
which  there  was  a  comparatively  thin  babitted  bearing-ring  with 
radial  oil-grooves  resting  on  a  good  many  springs,  and  bearing  on 
that  was  a  ring  attached  to  the  shaft.  That  bearing  was  only  used 
by  one  firm,  but  it  might  have  a  very  considerable  future. 

It  was  interesting  to  notice  that  the  Author  illustrated,  on 
page  94,  one  of  the  large  vertical  generating  units  of  the  Cedar 
Rapids  Manufacturing  and  Power  Co.,  Canada.  He  believed  the 
last  two  units  which  were  to  be  put  in  there  were  fitted  with  that  new 
spring-bearing  and  not  with  the  Kingsbury  bearing.  The  Author 
also  illustrated  on  page  103  the  genei'ators  at  the  Gatun  Lock  on 
the  Panama  Canal,  and  he  understood  that  those  three  units  had 
been  converted  from  using  a  Michell  bearing  to  the  spring  thrust- 
bearing.  There  were  other  bearings  more  simple  than  the  Michell 
bearing,  which  simply  consisted  of  rings  with  alternate  flat  and 
inclined  sectors  so  as  to  keep  the  wedge  principle.  They  were 
exceedingly  simple  and  very  satisfactory.  One  of  these  simple 
bearings  was  illustrated  in  Fig.  52.  A  robust  disk,  constituting 
the  revolving  member  of  the  bearing,  was  fixed  on  the  shaft  of  the 
turbine ;  this  disk  rested  on  several  blocks,  separated  the  one  from 
the  other  in  such  a  fashion  that  the  oil,  after  lubricating  one  block, 
did  not  lubricate  the  next  block,  but  was  replaced  by  fresh  oil 
from  the  container.  The  oil  was  mechanically  and  automatically 
entrained    from   one  end   of   a  block   to   the  other   by  the  mere 
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rotation  of  the  revolving  disk.  A  bearing  of  this  type  had  been 
running  most  satisfactorily  for  the  past  six  months  on  a  10,000  h.p. 
unit  at  the  Hauterive  Plant  (Fribourg,  Switzerland).  The  load  on 
this  bearing  was  88  tons,  and  the  speed  375  r.p.m.  He  was  rather 
surprised  to  see  in  the  illustration  on  page  91  of  the  Michell 
thrust-bearing,  and  also  in  certain  other  illustrations,  that  there 
did  not  appear  to  be  any  cooling  coils  shown,  which,  in  those  large 
generators,  were  very  necessary  in  the  bearing  housings. 

The    Author    went    rather    fully   into    the    question    of    the 

Fig.  52.  — Simple  Bearing. 
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modern  high-pressure  Francis  turbine  (page  106),  in  connexion 
with  which  he  desired  to  point  out  that  there  were  certain  losses 
in  that  type  of  turbine  which  might  be  very  serious  if  they  were 
not  carefully  watched  when  the  turbines  were  being  designed,  for 
example,  the  skin-friction  loss,  which  was  very  serious  at  low  loads 
because  it  was  constant.  Then  again  there  was  the  question  of 
leakage  loss  at  the  sealing  rings.  If  the  same  type  of  turbine  that 
was  used  for  low  heads  were  put  on  for  high  heads  without  any 
difference  in  design,  losses  o^  quite  a  surprising  degree  would  be 
obtained.  It  was  necessary  to  make  special  arrangements  in  those 
cases ;  the  loss  of  the  efficiency  must  be  balanced  against  the 
liability  to  wear. 


174  RECENT    UTILIZATION    OF    WATER-POWER.  March  19J0. 

(Mr.  A.  (".  Aiulerson.) 

There  was  a  slight  mistake  on  page  135  in  the  description  of  the 
Fully  stjition,  which  he  desired  to  correct,  namely,  the  jet  diameter 
>hould  be  38  mm.  and  not  34  mm.  On  page  131  there  was  given  a 
rather  full  description. with  diagrams  of  the  combined  needle  and 
deflector  method  of  regulating  Pelton  Wheels.  He  was  very  much 
surprised,  however,  that  in  the  Paper,  which  was  supposed  to  be 
up-to-date,  the  Author  did  not  mention  at  all  "  Seewers'  "  method 
of  splaying  the  jet  by  means  of  vanes  which  could  be  inclined 
inside  the  nozzle  itself,  which  was  very  substantial.  There  was 
less  chance  of  getting  an  over-pressure  in  the  pipe-line,  and  very 
little  effort  was  required  to  operate  the  arrangement. 

On  page  143  the  welding  of  pipes  was  referred  to,  but  as  far  as 
he  $ould  see,  nothing  whatever  was  said  about  electrical  welding, 
and  he  thought  that  was  a  most  distinct  omission.  He  also  desired 
to  refer  to  the  following  statement  made  on  page  62  in  regard  to 
the  Francis  turbine,  which  he  did  not  think  was  quite  correct, 
namely :  "  The  Francis  turbine  belongs  to  the  reaction  category ; 
and  the  high-pressure  impulse  turbine — or  more  familiarly  known 
as  the  '  Pelton  Wheel ' — belongs  to  the  impulse  cjitegory,  and  being 
the  only  types  of  turbines  now  employed  in  modern  water-power 
development,  it  is  unnecessary  to  deal  w'ith  any  other  type  except 
as  far  as  historical  interest  is  concerned."  He  did  not  think  that 
■was  quite  the  case ;  in  fact,  he  would  go  so  far  as  to  say  that  he 
thought  the  Francis  turbine  was  practically  doomed  for  very  low 
falls,  and  he  would  predict  that  in  the  very  near  future  a  more 
efficient  turbine  of  the  axial  flow  type  would  be  seen,  which  would 
be  used  for  quite  low  falls.  It  was  almost  impossible,  in  a  Paper 
of  the  kind  under  discussion,  to  cover  the  huge  amount  of  ground 
that  has  been  attempted  under  the  heading  of  "  Recent  Advances 
in  Utilization  of  Water- Power." 

Practically  nothing  had  been  said  about  the  civil  engineering  work 
which  absorbed  most  of  the  money,  and  very  little  was  said  about 
certain  modern  tendencies  and  about  electrical  work.  For  instance, 
he  would  have  liked  the  Author  to  describe  what  was  considered  by 
certain  engineers  who  were  engaged  on  that  type  of  work,  especially 
for  very  liot  climates,  as  the  most  suitable  arrangement,  namely, 
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the  construction  of  large  generator-frames  from  reinforced  concrete, 
making  the  thrust-bearing  housings  of  the  same  material,  water- 
cooling  the  machines,  and  possibly  having  no  power-house  building 
at  all.  The  fii'-t  cost  of  machinery  had  gone  up  so  much  that  if 
anything  of  that  nature  could  be  done  in  far-away  places  where 
freight  was  high  and  transport  difficult,  it  would  help  development 
schemes  which  might  not  otherwise  be  undertaken  owing  to  their 
high  first  cost. 

The  President  inquired  whether  Mr.  Anderson  would  be  good 
enough  to  supply  a  sketch  for  the  Proceedings  of  the  method  of 
regulation  by  vanes  to  which  he  had  referred. 

!Mr.  AxDERSOX  replied  that  particulars  and  a  good  description 
with  drawings  of  the  method  had  already  been  published  in  Beviie 
Generale  de  L'Electricite,  27th  December  1919. 

Dr.  H.  S.  Hele-Shaw  (Member  of  Council)  requested  that  if 
particulars  of  the  spring-bearing  to  which  Mr.  Anderson  had 
referred  had  also  been  published,  the  place  of  publication  should 
be  given  by  the  speaker.  It  was  quite  a  new  method,  and  he 
would  like  to  know  where  particulars  of  it  could  be  found.  It 
would  also  be  very  useful  if  Mr.  Anderson  would  give  a  sketchiof 
his  most  interesting  suggestion  of  a  reinforced  -concrete  turbine 
bearing  housing. 

Mr.  Anderson  said  that  a  well-illustrated  account  of  the  spring 
thrust-bearing  appeared  in  Power,  16th-30th  December  1919,  while 
Concrete  Parts  for  Generators  were  described  with  sketches  in  the 
General  Electric  Revieic  of  November  1919,  but  the  consideration  of 
the  latter  question  had  not  been  confined  to  America. 

Mr.  E.  Lancaster  Burne  said  he  desired  to  refer  to  the 
statement  nlade  on  page  84,  that : — "  Although  both  the  cylinder- 
gate  and  register-gate  undoubtedly  possessed  certain  points  of 
merit,  they  have  now  been  superseded  by  the  modern  wicket- 
gate."     It  seemed  to  him  that  that  statement  required  qualification. 
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His  own  experience  had  been  with  small  water-powers  up  to  about 
45  b.p.,  and  be  knew  many  small  water-powers  in  this  country, 
employed  in  driving  flour  and  other  mills,  where  the  load  was 
pretty  constant  and  the  water-supply  ample,  and  where  the  lower 
efficiency  due  to  the  cylinder-gate  and  register-gate  did  not  matter 
very  much.  He  thought  the  simplicity  and  the  low  first-cost  of 
turbines  with  the  cylinder-gate,  or  with  a  gate  to  the  casing,  ought 
to  be  borne  in  mind.  He  referred  to  a  cheap  form  of  turbine,  a 
great  mixny  of  which  had  been  put  down  in  this  country,  several 
by  himself,  in  which  the  turbine  was  situated  in  a  scroll  casing,  and 
there  was  just  one  plain  simple  gate  which  controlled  the  water. 
The  runner  was  divided  in  two  halves  by  a  partition,  and  it  could 
be  worked  at  a  good  efficiency  with  a  full  or  half  gate.  That  type 
of  turbine,  or  one  with  a  cylindrical  gate,  must  be  a  good  deal 
cheaper  in  first  cost  and  less  likely  to  get  out  of  order  than  those 
on  the  more  elaborate  wicket-gate  system,  and  there  were  cases 
where  the  former  might  be  useful.  For  taking  thrust,  he  had 
found  ball-bearings  perfectly  satisfactory.  In  one  instance  the 
ball-bearings  had  been  running  for  over  ten  years,  and  as  far  as  he 
knew  they  had  given  no  trouble  whatever. 

The  President  said  that  it  was  now  impossible  to  change  the 
name  "Kingsbury"  to  "Michell"  in  the  Paper,  because  it  had 
already  been  printed  and  circulated.  He  thought,  however,  it 
should  be  definitely  stated  that  the  Meeting  felt  that  this  type  of 
bearing  shovdd  not,  in  this  country  at  any  rate,  be  called  the 
"  Kingsbury  bearing."  When  the  Paper  was  first  published  he 
asked  Dr.  Hele-Shaw  what  the  diflerence  was  between  the 
Kingsbury  bearing  and  the  Michell  bearing,  and  he  was  told  that 
in  the  case  of  the  Kingsbury  bearing  the  pivot  was  in  the  middle 
of  the  bearing,  while  in  the  Michell  bearing  it  was  one-third  from 
the  trailing  end.  Perhaps  Dr.  Hele-Shaw  would  explain  the 
matter. 

Dr.  H.  S.  Hele-Suaw,  F.R.S.  (Member  of  Council),  in  reply  to 
the  President's  question,  said  one  diflference  between  the  Kingsbury 
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and  the  Michell  bearing  was  that  there  was  a  spherical  back  to  the 
former.  Another  was  that  the  position  of  the  pivot  was  different 
in  the  two  cases.  The  principle  of  these  bearings  was  that  if  a 
lubricant  could  by  any  means  be  induced  to  pass  underneath,  so 
that  the  pressure  was  increased  at  the  back  by  the  wedge-shaped 
film,  unlimited  fluid  support  could  be  obtained  between  the 
surfaces. 

The  Presidext  said  he  understood  that  Kingsbury  put  the 
lubi'icant  in  the  middle. 

Dr.  Hele-Shaw  said  it  had  been  found  that  it  really  did  not 
make  any  diflference  after  the  effect  started.  The  claim  in  the  case 
of  the  Michell  bearing  was  that  the  support  was  placed  behind  the 
centre.  The  stream-line  method  of  the  speaker  had  been  used  for 
the  purpose  of  investigating  what  was  going  on.  Instead  of  the 
metal  plate  a  glass  plate  was  used,  so  that  coloured  stream-lines 
could  be  observed  through  it.  When  that  was  done,  the  stream- 
lines were  seen  divided  to  right  and  left,  and  thus  they  naturally 
broadened.  The  law  of  stream-line  motion  was  that  the  pressure 
was  proportional  to  the  width  of  the  stream-line,  and  consequently 
as  the  lines  widened  out  an  optical  demonstration  was  obtained  of 
the  fact  that  the  width  of  the  stream-lines  and  therefore  the  pressure 
at  the  narrow  portion  (that  is,  behind  the  pivot)  increased.  That 
was  the  picture  which  was  presented  by  the  stream-line  flow,  and 
at  once  explained  the  secret  of  the  bearing. 

The  President  said  he  desired  to  add  a  few  words  to  what 
Dr.  Hele-Shaw  had  said.  As  he  understood  the  matter,  it  was 
necessary  to  get  a  wedge-shaped  film  of  oil  between  the  bearing 
surfaces,  and  the  angle  of  the  wedge  depended  on  the  viscosity  of 
the  oil,  and  in  order  to  obtain  uniform  pressure,  this  angle  was 
smaller  the  smaller  the  viscosity.  At  starting  the  oil  was  cold,  and 
it  had  a  comparatively  high  viscosity  requiring  an  angle  of  a 
certain  size.  As  the  bearing  heated,  the  viscosity  of  the  oil 
diminished,   and   the   angle   ought   to   be  smaller   to   maintain   a 
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uniform  distribution  of  pressure.  Such  a  cliange  of  angle  could 
not  be  efl'ected  in  a  fixed  bearing,  but  by  means  of  the  Michell 
bearing,  supported  as  described,  the  angle  was  automatically 
adjusted  to  correspond  to  the  viscosity  of  the  oil.  He  thought  that 
was  the  secret  of  the  satisfactory  working  of  the  Michell  bearing. 

Dr.  Hele-Shaw  said  the  reason  which  had  been  suggested  as  to 
why  the  bearing  could  be  supported  in  the  middle  was  a  curious 
one.  As  the  oil  passed  underneath,  friction  thereby  came  into  play 
and  the  viscosity  of  the  oil  itself  changed,  that  is,  as  it  passed 
through  the  bearing,  the  oil  became  thinner  and  less  viscous,  owing 
to  the  heat  which  naturally  resulted  from  the  friction,  and  this 
aflected  the  tilting  of  the  plate.  He  would  like  to  say  that 
Mr.  Michell  (an  Australian),  whose  genius  had  first  investigated  the 
subject,  and  who  had  advocated  for  years  this  solution  of  the 
thrust-bearing  problem,  while  he  had  received  comparatively  small 
royalties  hitherto  from  his  invention,  had  been  granted,  by  a  Judge 
of  the  High  Court,  an  extension  of  the  period  of  his  patent,  so  that 
in  this  country,  at  any  rate,  justice  had  been  done  to  the  inventor. 

!Mr.  William  H.  Patcuell  (]\lember  of  Council)  said  that 
before  he  discussed  the  Paper,  he  desired  to  remark  that  an 
illustration  had  just  been  given  of  the  ideal  type  of  discussion  at 
the  Institution.  The  delightful  way  in  which  the  President  and 
Dr.  Hele-Shaw  had  described  the  Michell  bearing  had  reminded 
him  most  forcibly  of  an  Informal  ^Meeting,  and  it  was  at  those 
Meetings  that  real  business  was  done  ! 

!Mr.  Anderson  had  asked  for  some  costs  of  installations. 
Personally,  he  was  very  sorry  indeed  that  the  Author  had  not 
said  anything  at  all  in  his  Paper  about  that  part  of  the  subject. 
Some  time  ago  the  Interim  Report  of  the  Water-P-ower  Resources 
Committee  was  issued  by  the  Board  of  Trade.  One  was  apt  to 
consider  the  reports  of  such  committees  as  authoritative  when 
they  were  issued  by  committees  with  large  powers  behind  them, 
and  when  the  reports  were  signed  with  big  names.  Ho  thought, 
however,  it  was   little   less   than    misleading  when   a   committee 
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based   its   estimates  on  pre-war  costs,  plus  50  per  cent,  because 
people   were   apt  to  quote   the   findings   of  a    committee  without 
looking   at   what   the   actual   basis   of   the   estimate  was,  and   to 
presume   that   the  Water-Power   Resources    Committee    expected 
water-power  in  this  country  to  be  developed  at  a  cost  which  was 
absurd.     The  estimate  of  cost  put  in  by  the  Committee  was  £38 '5 
per  effective  electrical  h.p.  for  certain  stations.     That,  at  pre-war 
rates,  deducting  one-third  from  the  total,  would  be,  say,  £26.     In 
his  opinion,  if  the  figure  had  been  put  at  two  and  a  half  times 
the  pre-war    rate  it  would    have    been    much    nearer    the    mark. 
That    meant    £65   per    electrical    h.p.,    or    £87    per    kw.,   very 
different  figures  indeed,  but  they  were  the  figures  which  engineers 
had  to  face  when  they  were  considering  the  development  of  water- 
power   in  this   country.     In   view   of   those   figures   it   was   very 
difficult  to  imagine  that  water-power  could  be  developed  in  this 
country  to  compete  with  big  steam-turbines.     He  recently  received 
from  America  a  copy  of  the  Electrical  World  of  the  20th  December  last, 
in  which  one  of  the  new  Niagara  Falls  machines  was  described.     It 
is  of   32,500  k.v.a.  ;    the  station   rating   is    242,500  h.p.,  and  the 
construction  and  equipment  of  the  new  part  was  to  cost  8,000,000 
dollars,  that   is,  about  100  dollars  per  kw.       Kot   reckoning  the 
difference    in    the    present   rate   of    exchange,    that    came    out   at 
about  £20   per   kw.     This   included  deepening  the   channels  and 
constructing  three  new  penstocks  with  the  power-house  extension, 
which  he  presumed  was  chiefly  for  mechanical  and  electrical  work. 
One  of  the  machines  was  by  Allis-Chalmers,  one  by  G.  P.  Morris 
— G.E.C.,   and   the   other  by   G.   P.   Morris— Westinghouse,  and 
93  per  cent  efficiency  of  the  water  was   claimed  for  them.     He 
thought   those   figures  would  be  rather  useful  to  keep  engineers 
humble  when  they  were  thinking  about  water-power  developments 
in  this  country. 

The  President  announced  that,  as  the  Author  was  not  present, 
he  would  be  asked  to  reply  to  the  discussion  in  writing,  and  the 
Meeting  then  terminated. 


180  RECENT    UTILIZATION'    OF    WATER-POWER.  March   1920. 

Couiiniiniicitions. 

Mr.  .1.  Harold  Ahmfield  wrote  that  the  Author  had  drawn 
attention  to  a  subject  of  vitjil  importance  to  this  country  at  the 
present  time,  and  a  subject  hitherto  neglected  by  British  engineers. 
When  a  substiintial  Paper  of  this  kind  was  full  of  so  much  interesting 
and  valuable  information,  it  might  seem  unju.st  as  well  as  ungrateful 
to  complain  of  omissions.  But  there  was  one  aspect  of  modern 
water-power  development  which  the  Author  had  passed  over,  which 
was,  he  thought,  of  extreme  importance  to  this  country,  namely, 
the  development  of  small  units  of  30,  50,  or  100  h.p.  which 
could  be  used  either  for  electric  generating  or  for  the  direct  driving 
of  factories,  such  as  flour,  paper,  woollen,  or  cotton  mills,  small 
engineering  works,  saw-mills,  etc.  It  might  seem  that  such  small 
units  were  not  of  much  account  compared  with  the  Kinlochleven 
units  of  3,300  h.p.,  but  he  hazarded  the  guess  that  in  the  aggregate 
there  was  more  water-power  in  these  islands  that  could  be 
economically  developed  in  units  under,  say,  250  h.p.  than  in  larger 
units. 

The  Author  emphasized  the  advances  which  had  been  made  in 
the  design  of  high-capacity  turbines,  but  he  omitted  to  point  out 
that  by  their  use  falls  as  low  as  18  inches  could  be  developed  with 
not  only  hydraulic  etHciency,  but  commercial  advantage.  He  stated 
that  the  old  "  American  Standardized "  turbines  were  admirably 
suited  to  small  water-power  installations ;  but  the  introduction  of 
high-capacity  turbines  had  opened  a  whole  new  field  for  small 
instj\llations.  In  May  1914,  The  Engineer  published  an  account  of 
a  high-capacity  turbine  installation,  for  which  the  writer  was 
responsible,  which  had  a  specific  speed  of  about  85,  and  under  a 
fall  of  only  2  feet  6  inches  gave  an  eflSciency  under  ordinary 
working  conditions  of  84  per  cent.  This  turbine  was  somewhat 
similar  in  design  to  that  described  in  the  Paper  as  made  by  Escher 
Wyss.  It  had  the  same  characteristic  of  a  receding  bucket  entrance 
edge.  The  aim  of  the  design  of  this  turbine  was  not  so  much  a 
high  specific  speed,  as  what  might  be  termed  a  high  specific  capacity, 
that  is,  a  large  amount  of  water  for  a  rotor  of  a  given  size.     In  this 
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respect  the  turbine  in  question  had  a  slightly  higher  value  than  the 
Mississippi  plant  described  in  the  Paper.  A  fairly  high  specific 
speed  followed  more  or  less  automatically.  The  results  of  the  first 
installation  had  been  fully  maintained  in  subsequent  installations, 
and  with  this  turbine  it  was  possible  to  develop  50  h.p.  units  under 
4  feet  fall  at  a  lower  cost  per  horse-power  than  was  possible 
under  such  circumstances,  as  for  example,  the  Kinlochleven 
installation.  It  was  often  taken  for  granted  that  large  installations 
were  more  economical  than  smaller  ones,  whereas,  in  the  case  of 
water-power,  this  was  not  at  all  necessarily  so.  Even  for  the  bulk 
production  of  electric  current  he  was  by  no  means  certain  that  in 
this  country  a  number  of  small  automatic  water-driven  stations 
might  not  prove  to  be  the  most  economical  method. 

At  this  point  he  must  join  issue  with  IStr.  Bergstrom  on  the 
question  of  turbine-gates.  For  hydro-electric  plants,  with  which 
actually  the  Paper  was  entirely  concerned,  where  close  governing 
was  essential,  or  where  high  efficiency  at  small  gate-opening  was 
important,  he  granted  the  superiority  of  the  wicket-gate.  But 
where  the  turbine  was  worked  usually  at  full  gate  and  where 
rapid  governing  against  heavy  load  variations  was  not  necessary — 
circumstances  usually  met  with  in  direct  factory  driving — the 
cylindrical  gate  was,  in  his  opinion,  decidedly  preferable,  having  the 
advantages  of  lower  cost,  fewer  moving  parts  and  therefore  less 
wear,  less  liability  to  get  jammed  or  out  of  order  by  suspended 
rubbish,  and  above  aU,  when  the  cylindrical  gate  was  closed,  it  could 
be  made  water-tight,  which  could  not  be  effected  with  the  wicket- 
gate.  This  was  important  in  cases  where  the  water  was  stored  and 
used  intermittently. 

There  was  one  other  point  in  the  Paper  to  which  he  would  like  to 
call  attention.  He  was  not  clear  whether  Table  5  (page  150)  was 
the  estimate  of  the  Ottawa  Water-Power  Branch  ;  but  in  the  figures 
for  Great  Britain  there  was  surely  something  wrong.  The  Census 
of  Production  of  1907  gave  the  amount  of  water-power  in  use  in 
the  United  Kingdom  at  172,000  h.p.  Between  1907  and  1915 
there  were  certain  developments — he  thought  he  was  right  in 
adding  the  40,000  h.p.  of  the  British  Aluminium  Co.     There  miu^t 
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be  well  over  200,000  h.p.  in  use  to-day,  while  the  Table  gave  only 
80  000  for  Great  Britain.  But  the  figures  for  the  potential  water- 
power  were  probably  at  least  as  much  underestimated  at  rather  less 
than  a  million  horse-power.  Without  pretending  to  have  the  data 
necessary  for  even  an  approximate  estimate,  he  would  be  surprised 
to  find  the  power  capable  of  economical  development  in  the  British 
Isles,  with  modern  high-capacity  turbines,  was  less  than  three  or 
four  millions  of  horse-power. 

Mr.  W.  P.  DiGBY  wrote  that  he  thought  the  Paper  was  one  of 
immediate  interest  to  the  mechanical  branch  of  the  engineering 
profession,  and  would,  he  hoped,  be  followed  by  a  parallel  Paper  at 
the  sister  Institution  of  Electrical  Engineers  on  the  design  of 
Generators  with  reference  to  the  conditions  ruling  on  Hydro- 
Electric  Installations.  There  was  room  also  for  further  details 
concerning  pipe-line  construction  and  operation,  and  above  all,  in 
the  water -turbine  or  Pel  ton  Wheel  itself,  they  had  plenty  of  ground 
for  further  study. 

He  was  by  no  means  certain  that  they  had  arrived  at  a 
satisfactory  selection  of  materials  for  the  nozzles  for  Pelton  Wheels, 
and  he  felt  also  that  sufficient  attention  had  not  been  given  to  the 
serious  wear  due  to  corrosion  and  erosion  at  this  point.  Such  wear 
was  of  a  grave  character  because  of  the  waste  of  water  and  loss  of 
efficiency  involved.  There  were,  however,  very  few  instaUations 
which  kept  complete  records  of  their  water  consumption  and 
translated  this  into  cubic  feet  of  water  per  kilowatt-hour.  If  this 
were  done  more  frequently,  the  demand  for  replace  nozzles  and 
needle-valves  would  be  increased  in  a  good  many  installations. 

Then  again,  the  material  for  the  buckets  of  Pelton  Wheels  was 
by  no  means  standardized.  Part  of  this  was  due  to  variations  in 
conditions ;  a  good  deal  of  wear  was  due  to  faulty  construction  and 
insufficient  settling  and  screening  tanks.  He  knew  one  case  at  the 
moment  where  some  wheels  with  cast-iron  buckets,  put  down 
twenty  years  ago,  were  still  giving  excellent  service,  whereas  at  the 
same  plant  and  fed  by  the  same  pipe-line,  other  wheels  put  down 
more  recently  had  had  to  have   their  cast-iron  buckets  renewed 
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twice  within  three  years.  This  was  probably  a  case  of  faulty 
mixture  in  the  foundry. 

The  Author's  reference  to  the  installation  at  TroUhiittan  was 
specially  interesting.  He  did  not,  however,  refer  to  their  method 
of  meeting  that  serious  ti'ouble  known  as  "  needle-ice."  There, 
with  the  whole  of  Lake  Wennern  behind  them,  which  lake  was 
frozen  in  the  winter,  a  good  deal  of  grinding  of  the  ice-floes  took 
place.  Xeedle-ice  was  melted  by  warming  the  water  before  it 
entered  the  Francis  type  turbine — low  tension  transformers 
supplied  the  necessary  current  to  grid  resistances.  He  was  told 
that  as  much  as  12^  per  cent  of  the  maximum  rated  output  at  the 
station  was  used  for  this  purpose-.  Yet,  without  such  a  device 
new  runner-wheels  would  be  required  each  summer.  Corrosion 
effects  in  pipe-lines  also  needed  study,  as  greater  corrosion  took 
place  with  some  forms  of  welding  than  with  other  forms.  It  was 
really  surprising  what  good  work  was  done  in  this  country  to-day 
with  both  longitudinal  and  circumferential  welds.  They  were  not, 
however,  in  quite  such  a  happy  position  as  was  desirable  with 
regard  to  internal  coating  of  pipes  and  the  need  for  securing 
uniformity  of  that  coating.  Sooner  or  later  they  would  have  to 
agree  on  something  in  the  way  of  standardized  drastic  tests  for 
coatings,  as  when  once  a  pipe-line  was  erected  and  corrosion 
commenced,  any  local  remedies  which  could  be  applied  with  a  paint 
brush  were  purely  palliative. 

They  seemed  to  be  on  the  verge  of  a  great  development  in  hydro- 
electric work  throughout  the  Empire.  To  those  concerned  in  this, 
much  could  be  learned  in  regard  to  both  large  and  small  scale 
installations  by  visiting  the  French  and  Italian  slopes  of  the  Alps. 
There,  the  utilization  and  conservation  of  water-power  had  been 
undertaken  Avith  aU  the  successful  frugality  which  one  associated 
with  the  wife  of  a  French  peasant  in  culinary  matters.  Imperial 
demands  would  be  large  and  small,  and  we  were  apt,  perhaps,  to  be 
carried  away  with  the  magnitude  of  the  50,000  and  100,000  h.p. 
schemes.  But  there  was  much  to  be  said  for  the  use  of  small 
isolated  installations  of  150  to,  say,  400  h.p.  There  were  many 
promising  areas  whose  development  could  be  helped  by  small  plants, 
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biit  in  regard  to  the  future,  as  all  our  development  now  seemed  to 
be  attached  to  official  "  apron-strings,"  he  could  only  hope  that  the 
official  wearer  of  the  apron  would  be  far-sighted  and  intelligent. 

Mr.  Percy  Griffith  wrote  that  he  felt  some  hesitation  in 
entering  into  the  discussion  of  this  Paper  as  he  was  unable  to 
contribute  anything  relative  to  the  mechanical  details  of  turbine.s 
or  other  plant  for  utilizing  water-power.  Nevertheless,  the 
Author  had  referred  to  the  fact  that  the  utilization  of  water- 
power  was  an  important  factor  in  the  national  economic  problem, 
and  to  the  necessity  of  providing  safeguards  for  the  protection  of 
other  interests,  so  that  he  (the  writer)  felt  justified  in  calling 
attention  to  the  fact  that  the  Author  in  this  connexion  mentioned 
•'  fishing  and  other  vested  interests,"  but  omitted  any  reference  to 
the  prior  claim  of  the  community  to  water  for  domestic  and  other 
uses.  It  was  unnecessary  and  would  be  inappropriate  to  enlarge 
upon  this  point,  seeing  that  a  Departmental  Committee  was  sitting 
to  consider  the  question  of  water-power  utilization  on  a  national 
scale  ;  moreover,  this  Committee  had  recently  extended  its  numbers 
and  enlarged  the  scope  of  its  investigations  in  order  to  include  the 
question  of  water-supplies  generally.  The  Chairman  of  that 
Committee  (Sir  John  Snell)  had  stated  before  The  Institution  of 
Water  Engineers  that  the  Committee  had  realized  the  necessity  of 
safeguarding  the  public  water-supplies  before  allocating  any  sources 
for  power  purposes,  and  it  was  therefore  unnecessary  to  labour  the 
point  on  that  occasion. 

It  was  desirable  in  this  connexion  to  consider  the  possibility 
of  utilizing  such  power  as  was  available  for  large  works  of  water- 
supply,  because  there  were  certainly  cases  where,  with  very  slight 
modification  of  a  water-works  scheme,  a  certain  amount  of  power 
could  be  utilized  without  in  any  way  interfering  with  the  supply  of 
water  to  the  cities  and  towns  concerned.  This  was  even  now 
utilized  to  a  certain  extent  for  temporary  use  during  the 
construction  of  the  works,  but  it  did  seem  possible  that  some 
permanent  sources  of  power  might  thus  be  rendered  available 
which  were  now  waster'. 
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As  regards  water-power,  this  country  was  not  topographically 
well  adapted  for  providing  a  large  quantity  of  power  under 
satisfactory  economic  conditions,  and  before  any  appreciable 
amount  of  power  could  be  economically  utilized,  it  would  he 
necessary  to  establish  works  within  the  economic  range  of 
distribution,  which,  even  in  the  case  of  electricity,  was  limited. 
This  would  involve  capital  outlay  in  providing  a  demand  as  well  as 
a  supply,  a  consideration  which  might  be  feasible  in  a  new 
country,  but  which  was  almost  out  of  the  question  in  Great  Britain. 
For  this  reason  the  Author's  statistics  (page  150)  giving  the  available 
b.h.p.  were  open  to  question  when  considered  from  the  point  of 
view  of  economics. 

The  question  of  economics  could  be  approached  from  two 
different  points  of  view  :  (a)  financial  advantage  ;  and  (b)  national 
advantage. 

(«)  Financial  Adcantage. — Capital  could  not  be  obtained  for 
water-power  development  unless  the  cost  of  power  so  supplied  was 
less  than  any  alternative  source  available.  While  working-costs 
for  water-power  were  practically  negligible,  the  capital  charges 
were  very  high,  and  these  were  governed  by  the  locjition  of  power 
supply-works  relative  to  the  demand.  It  would  therefore  be 
interesting  if  an  estimate  could  be  made  of  the  water-power 
economically  available  in  this  country.  Sir  John  Snell,  addressing 
the  Water  Engineers  in  June  last,  expressed  regret  that  there 
were  not  more  engineers  in  this  country  with  expert  knowledge  of 
water-power  problems,  but  he  (Mr.  Griffith)  ventured  to  say  that 
such  men  would  soon  be  available  if  there  were  any  clear  and 
appreciable  demand  for  them.  The  reason  this  demand  was  not 
apparent  was,  he  believed,  because  the  amount  of  water-power 
■economically  available  in  this  country  was  very  small. 

(6)  National  Advantage. — This  question  arose  on  the  present 
emergency  conditions  relative  to  the  supply  of  coal.  Quite  apart 
from  the  reduced  output,  and  the  increased  cost  of  production  and 
carriage,  the  foreign  demand  (especially  in  France  and  Italy)  was 
very  acute,  and  it  was  a  question  of  national  advantage  to  release 
as   much   coal  as  possible  to  meet  this  demand  abroad.     It  was, 
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liowever,  impossible  to  secure  the  development  of  water-power 
(otherwise  unremunerative)  for  this  purpose  unless  the  deficit  were 
made  good  from  national  resources,  that  is,  by  a  Government 
bounty.  Such  a  solution  of  the  difficulty  would,  however,  be  very 
unsatisfactory,  partly  because  present  conditions  were  due  to  causes 
which  would,  in  course  of  time,  disappear,  and  partly  because  of 
the  difficulty  of  arriving  at  any  basis  for  calculating  the  amount  of 
the  bounty. 

It  seemed  to  him  (Mr.  Griffith)  that  the  use  of  alternative  fuels, 
such  as  oil  or  gas,  would  in  most  cases  prove  a  more  satisfactory 
solution  of  the  difficulty  in  regard  to  coal  than  any  large  development 
of  water-power  in  this  country. 

Major  C.  M.  Xorrie  wrote  that  it  had  been  the  habit  to  ascribe 
to  American  engineers  a  credit,  much  too  large,  for  the  advances  in 
turbine  development  in  the  last  50  years  or  so.  Possibly  the 
greater  ease  in  reading  up  the  results  of  tests  and  experiments 
published  in  English  had  given  to  our  insular  minds  an  impression 
that  the  American  practice  was  in  advance  of  the  continental, 
because  the  painstaking  and  scientific  investigations  of  Swiss, 
French,  Italian,  and  Swedish  engineers  were  not  so  familiar  to  us 
on  account  of  the  language  difficulties.  Probably  in  the  design 
of  high  specific-speed  turbines  for  low  heads  this  ignorance  of 
continental  achievements  caused  Mr.  Bergstrom  to  ascribe  to 
Americtin  Engineers  the  credit  for  wheels  of  specific  speeds  of  95 
to  100  (page  74).  Continental  manufacturers  had  passed  this  limit, 
and  with  marked  success.  It  was  hardly  fair  of  Mr.  Bergstrom  to 
publish  his  Fig.  5,  giving  results  obtained  in  1909,  without  adding 
a  similar  figure  showing  results  in  1914.  The  results  given  by  test 
runners,  as  an  indication  of  future  practical  development,  would 
even  be  of  great  interest,  and  if  the  Author. .could  add  further 
information  on  this  subject  it  would  be  valuable.  As  an  instance 
of  a  recent  test  with  a  new^  type  of  runner,  the  writer  had  noted 
one  giving  an  efficiency  of  84  per  cent  with  a  specific  speed  of  119. 
The  same  runner,  run  at  the  same  revolutions  per  minute,  under  a 
40  per  cent  reduction  in  head,  gave  an  efficiency  of  68  per  cent 
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with  a  specific  speed  of  146.  These  results  were  far  in  advance  of 
the  results  shown  for  1909  and  indicated  that  the  consideration  of 
the  development  of  this  class  of  runner  was  worthy  of  much  more 
attention  than  ^Ir.  Bergstrom  had  thought  fit  to  give  in  his  Paper. 

One  of  the  difficulties  in  the  design  of  high  specific-speed 
runners  had  been  the  high  runaway  speeds  obtained.  As  a  matter 
afiecting  the  electrical  plant  coupled  to  the  turbines,  the  question 
of  runaway  speeds  was  important.  It  would  be  of  some  help  if  the 
Author  would  give  some  information  regarding  the  most  recent 
results  in  the  limitation  of  the  runaway  speed  to  under  200  per  cent 
of  the  normal  speed.  Some  of  thelhigh  specific-speed  wheels  would 
attain  400  per  cent,  were  not  safety-brake  arrangements  provided. 
The  Author  seemed  to  have  ignored  this  question  altogether. 

Another  point  of  interest  to  the  generator  design  was  that  the 
point  of  maximum  efficiency  *of  a  high  specific-speed  [runner  was  at 
a  point  closer  to  maximum  load  than  in  the  case  of^a  low  or  medium 
specific-speed  runner.  There  was  therefore  no  necessity  to  provide 
overload  in  the  generator,  as  the  turbine  maximum  load  could  be 
used  as  it  was  practically  at  maximum  efficiency.  Generally,  he 
thought  that  the  Author  was  right  in  his  remark  on  the  future  of 
high  specific-speed  runners.  The  day  was  not  far  distant  when  the 
Francis  turbine  would  be  a  thing  of  the  past  for  low  heads.  Every 
recent  development  in  testing  I  pointed  to  the  reversion  to  the  axial 
runner. 

The  Author's  remarks  on"  the  [  design  of  the  draft-tube  were 
important.  In  some  installations  where  only  a  fraction  of 
the  total  turbine  units  were  erected  in  the  first  instance,  but 
where  the  draft-tube  for  all  the  units  was  constructed,  the 
opportunity  to  take  advantage  of  the  most  recent  turbine 
development  had  been  prevented, 'as  the  draft-tubes  suitable  for 
the  initial  turbines  at  the  time  of  I  first  construction  of  the  power- 
house were  incapable  of  utilizing  to  the  fullest  efficiency  the  more 
modern  turbine  of  later  years.  The  expense][of  changing  a^  draft- 
tube  already  constructed  might  often  be  too  great,  and  thus  the 
extensions  to  the  power  at  the  station  were  not  iput  in  to  the  best 
advantage. 

0  2 
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Hydro-electric  development  bad  passed  through  various  stages. 
Unfortunately  there  existed  still  in  some  quarters  the  idea  that  the 
success  of  the  whole  development  depended  upon  the  electrical 
engineer.  The  latter  was  the  first  to  be  consulted,  and  perhaps 
rightly,  as  the  market  conditions  for  the  sale  of  electrical 
power  had  first  to  be  estsiblished,  and  as  the  nature  of  the 
electrical  load  must  influence  the  scheme  as  a  whole.  Too  often, 
howevei',  the  electrical  engineer  had  usurped  the  place  of  the 
hydro-engineer,  and  the  resulting  lay-out,  based  on  erroneous 
hydraulic  assumptions  and  knowledge,  had  either  not  utilized  the 
maximum  hydraulic  possibilities,  or  had  insisted  on  the  establishment 
of  works  and  plant  too  large  for  the  existing  conditions. 

The  powers  which  were  available  in  a  river,  whether  with  or 
without  storage,  could  not  be  authoritatively  stated  on  general 
lines  for  different  climates  and  topographical  conditions  without 
careful  and  extended  gaugings  and  observations,  during  conditions 
of  flood  and  drought,  made  on  the  particular  river  to  be  harnessed. 
All  hydro-engineers  were  agreed  on  this,  and  progressive  countries, 
jealous  of  the  future  powers  to  be  developed,  had  established  oflBoers 
to  maintain  and  collate  such  observations.  Great  Britain,  although 
possessing  considerable  water  resources,  had  not  yet  undertaken 
such  a  duty,  and  the  subsequent  power  development,  which  was 
bound  to  come,  would  have  to  be  undertaken  without  the  benefit 
of  the  accurate  knowledge  which  such  countries  as  Canada, 
Switzerland,  Norway,  the  United  States,  and  some  of  our  larger 
Colonies,  were  now  collecting  for  future  use.  When  it  was  realized 
that  the  bulk  of  the  capital  cost  of  a  hydro-electric  scheme  lay  in 
the  civil  engineering  works,  bringing  the  water  to  the  turbine 
plant,  the  importance  of  the  above  remarks  would  be  obvious.  A 
25  per  cent  excess  expenditure  on  these  works,  or  a  25  per  cent 
deci'ease  in  the  water  available  below  the  estimated  minimum  flow 
might  be  quite  sufficient  to  turn  an  otherwise  financial  success  into 
a  failure,  whilst  similar  excess  in  the  cost  of  the  turbine  and 
generator  plant  would  probably  affect  only  very  slightly  the  financial 
stability.  In  other  words,  the  high  efficiencies  and  progressive 
development  attained  by  the  turbine  and  generator  manufacturers 
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might  be  utterly  discounted  by  the  inexperience  of  the  man  employed 
to  lay  out  and  execute  the  civil  engineering  work. 

Mr.  William  T.  Taylor  wrote  that  the  development  of  water- 
power  in  this  country  had  not,  up  to  the  present,  been  given  very 
close  attention.  In  fact,  the  general  impression  always  seemed 
to  be  that  the  location  of  water-power  in  relation  to  a  good 
commercial  power-market,  and  the  large  number  of  vested  interests 
in  the  way,  coupled  with  a  relatively  poor  power-output,  did  not 
sufficiently  interest  engineers  and  capitalists.  Much  evidence  was 
available  to  prove  the  soundness  of  these  views,  particularly  so  as 
regards  the  question  of  vested  interests,  but  they  were  much  weaker 
to-day  because  of  the  difference  in  the  price  and  quantity  of  coal, 
and  danger  of  interruptions  due  to  railway  and  miners'  strikes. 

The  subject,  as  covered  by  Mr.  Bergstrom,  was  strictly  on  the 
utilization  of  water-power  from  the  standpoint  of  the  turbine  and 
its  auxiliaries.  In  a  brief  way  he  treated  with  the  generalities 
of  the  subject  and  illustrated  certain  proved  facts  from  actual 
installations,  principally  from  American  practice.  Several  notable 
examples  were  mentioned,  such  as  the  Keokuk,  the  Cedar  Rapids, 
the  Tallassee,  the  Appalachian,  and  the  Forsse  plant,  etc.,  all  of 
which  ought  to  be  carefully  studied  throughout  by  hydro-electric 
engineers  in  this  country,  as  there  were  many  valuable  points  to  be 
had  from  all  of  them. 

As  a  hydro-electric  engineer,  the  writer  was  glad  of  this  Paper, 
which  treated  in  this  general  way  with  turbine  instaUations  and 
their  speed  regulation,  because  it  came  more  or  less  as  a  warning  to 
British  engineers,  and  brought  them  face  to  face  with  figures  and 
facts  showing  how  near  they  were  to  being  practically  out  of  the 
field.  The  position  of  our  turbine  manufacturers  in  relation  to  the 
majority  of  those  given  in  Table  4  (pages  78-9)  was  not  a  very 
satisfactory  one.  In  fact,  if  our  manufacturer's  were  asked  to  tender 
to  the  specifications  of  the  majority  of  those  installations  given  in 
Table  2  to  Table  4  inclusive,  it  was  questionable  whether  they 
would  meet  with  much  favour,  for  the  reason  that  they  had  not 
had  actual  experience  in  designs  and  installations  of  such  magnitude. 
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There  was  no  question  as  to  our  ability,  in  fact  the  Hydro-Electric 
Commission  of  Canada  was  willing  to  favour  British  manufacturei.s, 
provided  tbey  could  give  satisfactory  guarantees  and  efficiencies, 
but  it  was  quite  another  matter  with  an  independent  power 
company  as,  for  instance,  the  Tata  Hydro-Electric  Plant,  who 
might  ask  for  tenders  in  an  open  market,  and  accept  only  the  best 
guarantees  and  efficiencies  with  the  maker  of  widest  experience  in 
the  field.  Unfortunately,  some  of  the  promised  guarantees  and 
efficiencies  had  either  not  been  met,  or  had  been  short  lived,  that  is, 
secured  only  under  special  conditions  for  acceptance  tests.  In  view 
of  failures  of  this  kind,  specifications  and  guarantee  requirements 
were  now  drawn  with  great  care,  invariably  including  provision  for 
final  acceptance  tests  on  site,  the  manufacturer  being  subject  to  a 
fine  if  the  guaranteed  efficiency  were  not  reached. 

The  efficiency  of  a  turbine  installation  might  mean  the  difference 
between  a  plant  paying  a  fair  dividend,  and  one  losing  money  or 
not  paying  any.  That  is  to  say,  a  turbine  installation  of,  say, 
78  per  cent  efficiency  paying  a  dividend,  might  not  be  able  to 
pay  if  the  maximum  efficiency  remained  at  72  per  cent,  even 
though  the  total  cost  for  such  a  turbine  installation  was  but  6  per 
cent  of  the  hydro-electric  development.  In  money  the  output  loss 
would  mean  a  decrease  in  value  of  the  same  percentage  for  the 
entire  development,  including  tlie  water  rights,  reservoirs,  dam, 
conduit-line,  turbines,  generators,  transformers,  transmission  lines, 
and,  in  fact,  everything  which  was  covered  by  the  total  amount 
invested.  Furthermore,  important  advantages  purely  from  the 
standpoint  of  operation  and  maintenance  were  secured  by  the 
installation  of  the  best  turbines,  and  thei'e  was  the  advantage  of 
lower  generator  cost  due  to  an  increased  speed,  and  the  lower  cost 
of  power-house  due  to  the  smaller  diameter  for  the  same  output ; 
there  was  also  the  higher  generator  efficiency  due  to  better  design 
made  possible  by  the  higher  speed. 

The  efficiency  of  the  turbine  itself  was  taken  as  the  h.p.  output 
at  the  turbine-shaft  divided  by  the  water-power  h.p.  supplied  to 
the  turbine,  as  calculated  from  the  actual  quantity  of  water  flowing 
through  the  turbine  and  the  eflfective  head  measured  at  the  unit. 
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However,  the  efficiency  of  the  hydro-electric  development  was  an 
entirely  different  matter,  for  it  was  taken  as  the  electrical  output 
from  the  generators,  transformers,  or  transmission  line,  as  the  case 
might  be,  divided  by  the  total  potential  water  h.p.  as  calculated 
from  the  total  flow  of  water  through  the  turbines  and  other 
auxiliaries,  together  with  any  leakage  and  spillway  discharge,  and 
the  head  as  measured  from  the  still  water  levels  in  the  head-race  and 
tail-race. 

Without  doubt  the  most  notable  developments  in  water-power 
practice  (hydro-electric  practice)  bad  been  in  connexion  with  low- 
head  installations,  and  more  particularly  in  the  perfection  of  the 
suction  or  draft-tube  design  and  in  the  "  high-capacity "  vertical 
single  runner.  In  fact,  the  writer  would  like  to  emphasize  that 
the  controlling  factors  in  the  design  of  a  hydro-electric  plant  were 
the  runner,  the  draft-tubes  and  wheel-chambers,  etc.  The  vertical 
runner  combined  simplicity  and  accessibility  of  mechanical  parts  with 
superior  efficiency  due  to  an  unobstructed  draft-tube,  minimum 
friction  of  rotating  parts,  and  convenient  application  of  the  casing, 
whether  of  metal  or  concrete,  which  was  the  most  efficient  form  of 
turbine  casing  thus  far  devised.  In  the  discussion  of  this  Paper 
the  writer  had  in  mind  only  the  low-head  developments  common  to 
this  country.  The  world's  most  powerful  hydro-electric  turbine 
was  placed  in  commercial  service  less  than  three  months  ago.  The 
installation  was  made  for  the  Niagara  Falls  Power  Co.  at  Niagara 
Falls ;  the  normal  rated  capacity  of  each  turbine  (vertical  single- 
runner  type)  is  37,500  h.p.,  and  the  speed  is  150  r.p.m.  The  head 
is  214  feet.  This  mammoth  turbine  is  coupled  to  a  three-phase, 
25  cycle,  12,000  volt,  32,500  k.v.a.  generator. 

The  best  practice  of  to-day  adhered  to  the  single  vertical 
turbine,  and  as  a  factor  in  the  efficiency  of  the  turbine  as  a  whole 
the  draft-tube  played  a  very  important  part.  The  velocity  of 
the  water  as  it  left  the  runner  and  entered  the  draft-tube 
represented  a  considerable  part  of  the  available  energy — the 
function  of  the  draft-tube  was  to  recover  this  energy  and  convert 
it  into  useful  work.  The  casing,  if  of  spiral  or  volute  form,  and 
for  very  low  heads,  was  usually  moulded  in  the  concrete  foundations 


192  KECEXT    UTILIZATION    OF    WATER-POWER.  Makch   1920. 

(Mr.  William  T.  Taylor.) 

of  the  power-house.  For  ordinary  low  heads  it  was  made  of  cast- 
steel,  or  cnst-iron  or  riveted  steel  plate,  as  conditions  might  require, 
but  .sometimes  the  metal  casing  was  embedded  in  concrete  under 
the  floor  which  supported  the  generators,  and  in  other  cases  it  was 
used  as  a  support  for  the  generators.  If  the  casings  were  large 
and  the  head  fairly  high,  it  was  advisable  to  embed  the  metal  casing 
in  concrete  to  avoid  damage  due  to  possible  dangerously  excessive 
stresses. 

In  actual  practice  it  was  difficult  to  secure  very  high 
characteristic  speeds  without  correspondingly  high  velocities  of 
the  water  at  the  runner  discharge,  and  velocities  as  high  as 
0*8  X  \/  2gh  would  probably  incur  very  great  efficiency  losses 
if  tlie  draft-tube  were  not  of  the  very  best  design.  The  exit 
velocity  from  the  draft-tube  should  preferably  be  kept  under 
0*  1  X  \/  2gh  with  an  additional  limit  of  6  feet  per  second  flow.  As 
an  example  showing  a  little  of  the  history  of  turbine  design  and 
the  advancement  of  turbine  practice,  the  following  would  be  found 
interesting : — 

A   =  over-shot  turbine. 

B   =  Fourueyron  (Tremont)  turbine. 

C   =  Nagler  Turbine  (high-speed  low  pressure). 

Di  =  Francis  Turbine  (medium  speed). 

D.^=  Francis  Turbine  (low-speed  double  rimner). 

E  =  Impulse  (Pelton)  twin  type}  {^^^.^JPf lype  turbines). 
Old  type.  Modern  type. 


ABC  I)^  D,  iT 

Head  in  feet  ....     14  14          14  200  400  2,000 

Total  H.P 50  180        5C0  40,000  20,000  20,000 

H.P.  of  runner    ...     50  180        500  40,000  10,000  10,000 

Speed  in  r.p.m.    ...     10  53        2C0  150  300  375 
Diameter  of  runner   in 

feet       ...         .12  3-56  10-83  6  8 

In  terms  of  unit  values,  wherein  the  characteristic  speed  of  a 
runner  was  the  speed  in  r.p.m.  which  a  model  of  that  runner 
would  have  if  operated  under  a  head  of  1   foot,  this  model  to  be 
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reduced  proportionally  iu  all  dimensions  from  the  original  until  it 
would  develop  1  h.p.  under  1  foot  head,  we  had  for  the  above- 
comparison  of  old  and  modern  turbines : — 


A 

B 

C 

Di 

D, 

E 

Unit  h.p. 

0-95 

3-4-i 

9-55 

14-14 

1-25 

Oil 

Unit  speed  inr.p.m. 

2-G7 

14 -IG 

53-5 

10-61 

18 

8-3» 

Characteristic    speed 

in  r.p.m.  . 

2-6G 

26-3 

1G5 

40 

20 

2-7S 

Characteristic 

diameter   in   inches 

.     148 

21-5 

23-3 

34-7 

64-G 

290 

To  obtain  the  corresponding  characteristic  speed  in  metric 
system,  multiply  by  4  •  45  or 

r.p.m.  by  X—-  (foot-lb.  system) 

and  4*4.5  X  r.p.m.  by   ^-r  (metric  system) 

wherein  P  =  h.p,  output  of  each  runner. 
h  =  head. 

The  formula  showed  that  for  a  given  r.p.m.  and  head  the  h.p. 

output  is  proportional  to  the  square  of  the  specific  speed,  also  that 

for  a  given  head  and  h.p.  the  r.p.m.  is  proportional  to  the  specific 

peed.     To   facilitate   matters,   a  straight   line  logarithmic  chart, 

ig.  53  (page  194)  is  attached  from  which  all  desired  calculation^^ 

can  be  obtained.* 

The  writer  could  not  agree  with  the  statement  of  the  Author 
that  "  it  may  be  stated  without  exaggeration  that  the  progress  in 
the  application  of  water-turbines  is  to  a  great  extent  due  to  the- 
satisfactory  solution  of  the  governor  problem.  .  .  ."  Speed  regulation 
and  control  was  of  great  importance  where  tui'bines  were  employed 
for  running  alternators,  and  this  had  always  been  so,  long  before- 
the  perfections  described  above  were  known  to  hydro-electric 
practice. 

Speed  regulation  was  limited  by  the  length  of,  and  velocities- 
in,  the  penstock  and  draft-tube,  the  length  of  water  column  in  the- 


*  By   the  kind   permission   of   the   Wellman   Smith   Owen   Engineering 
Corporation,  Ltd.,  London,  W.C.  2. 
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Fig.  .53. — Straight  Line  Logarithmic  Specific  Speed  Chart. 

DIRKCTMNS. 

Given  head,  r.p.m.  and  li.p.  of  one  runner;  ])niji'Ct  vertically  the  point  of  intersection 
hi'lween  liorizoutiil  head  line  and  diaconal  h.p.  line  in  lowt-r  diai;ram  to  liori/.outal 
r.p.ni.  line  in  upper  dia^'rani,  diau'oual  liTie  passiu;.'  throiijfh  this  point  indicates 
«pecillc  sjteed  of  runner. 


Specitic  Speed 


E\AMI I t 

(ii\eii  head  =  "2  feet 
I  ])  in  =  17S  li  p  =0  (MMi 
ficni  (halt  leqniied 
<<Iicific  speed  =  6ii  as 
mdnated  bj  hli<k  lines 
With  aiio« 


Horse  Power 
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turbine  casing  and  the  fly-wheel  effect  of  the  rotating  masses, 
and  to  some  extent  it  was  controlled  by  the  design  of  the  power 
development  as  a  whole.  In  low-head  plants  it  was  impossible  for 
the  governing  mechanism  to  respond  instantly  to  changes  in  load, 
for  the  reason  that  the  heavy  gate  mechanism  required  an 
appreciable  time  to  move,  and  it  might  require  an  appreciable 
time  to  accelerate  the  water  column  or  vice  versa.  In  high-head 
plants  governing  with  needle-nozzles  or  other  devices  for  opening 
or  closing  the  nozzles,  appreciable  intervals  of  time  were  necessary 
after  sudden  changes  of  load  before  the  speed  could  be  brought 
back  to  normal. 

In  hydro-electric  plants  with  a  mixed  load,  it  might  be  that 
there  were  not  violent  fluctuations  of  load,  so  that  rapid  governing 
was  not  necessary,  but  where  a  heavy  fluctuating  railway  load, 
hoisting  load,  or  rolling  mill  load  was  the  dominant  feature  it 
might  be  desirable  to  install  devices  to  reduce  the  speed  otherwise 
necessary  for  the  governing  mechanism  ;  in  these  cases  fly-wheel 
capacity  was  sometimes  added  to  improve  speed  regulation.  This 
question  of  water-turbine  governing  was  a  subject  in  itself. 

!Mr.  Eric  M.  Bergstrom  wrote  that  he  would  now  reply  in 
writing  to  those  points  which  had  been  raised  at  the  Manchester 
Meeting  and  which  time  had  not  permitted  him  then  to  answer 
adequately.  He  wished  to  refer  to  Mr.  Gilbert  Cook's  questions 
(page  160)  in  regard  to  the  chemical  or  titration  test  for  measuring 
the  quantity  of  water.  He  (Mr.  Bergstrom)  had  already  stated  in 
his  reply  at  the  discussion  that  common  salt  was  used  for  dosing 
purposes.  Salt  was  used  not  only  on  account  of  being  easily 
obtainable  at  a  low  price,  but  also  for  the  reason  that  it  was 
chemically  indifferent  to  water;  neither  was  it  absorbed  by  any 
matters  suspended  in  the  water  and,  what  was  most  important,  the 
degi-ee  of  concentration  of  the  solution,  even  if  greatly  diluted, 
could  be  readily  and  accurately  determined.  The  success  in 
obtaining  accurate  results  with  this  method  for  testing  water- 
turbines  depended  entirely  on  obtaining  an  even  and  complete 
mixing  or  distribution  of  the  dosing  solution  in  the  water. 
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For  enclosed  turbines  to  which  the  water  was  brought  through 
a  pipe-line,  a  perfect  mixing  was  obtained  without  special 
arrangement,  and  exceedingly  accurate  measurements  obtained. 
In  such  cases  the  dosing  solution  was  introduced  in  the  upper  end 
of  the  pipe-line  through  a  short  pipe,  to  which  the  solution  flowed 
by  gravity  from  a  tank  with  graduated  scale.  Comparative 
measurements  with  current  meters  had  shown  that  the  difference 
in  the  results  between  the  two  measurements  was  0-16  to  0*  17  per 
cent.* 

For  turbines  in  open  flumes,  the  method  could  only  be  considered 
as  accurate  when  special  arrangements  were  adopted  to  obtain  a 
perfect  and  uniform  mixing  of  the  dosing  solution.  The  arrangement 
generally  adopted  for  that  purpose  consisted  of  a  number  of  pipes 
equally  distributed  over  the  section  of  the  intake-flume,  which  pipe 
was  provided  with  a  number  of  apertures  at  various  depths  and  the 
dosing  solution  was  pumped  from  a  tank  to  the  pipe  system,  and  by 
this  means  the  dosing  solution  was  uniformly  distributed  over  the 
full  section  of  the  turbine-intake. f  The  accuracy  of  measurement 
by  this  arrangement  as  compared  with  current-meter  records  was 
stated  to  be  on  an  average  1  •  3  per  cent.  It  might  often  meet  with 
considerable  expense  and  trouble  to  make  arrangements  for  dosing 
in  open  flumes ;  and  where  other  methods  of  measuring  were 
practicable,  it  would,  in  the  Author's  opinion,  be  preferable  to  adopt 
them. 

On  the  other  hand,  there  were  cases  where  this  method  would 
be  the  only  feasible  one  to  use,  and  as  long  as  arrangements,  as 
described,  were  adopted,  the  results  could  be  considered  as  fully 
reliable.  In  reply  to  the  further  question  regarding  Table  5 
(page  150),  the  figures  given  of  available  power  were  for  water 
power  available  for  power  purposes  only. 

Mr.  T.  Roland  Wollaston  (page  161),  raised  a  most  interesting 
point  in  regard  to  the  possibilities  of  a  combination  of  the  Humphrey 

•  Department  Suisse  de  I'lnt^rieur,  Communications  du  Service  des  Eaux. 
"  Jangeages  par  Titration  et  Essais  comparative,"  Bern,  1918. 

t  Salt  Solution  Test  at  lloltwood.  Kiujinecrimj  Record,  New  York,  1915, 
page  358. 
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pump  and  water-turbines  as  a  power  unit.  The  combination  was 
quite  feasible,  but  for  small  units  the  power  could  be  obtained  at  a 
lower  cost  and  slightly  better  thermal  efficiency  by  employing 
Diesel  engines.  Its  application  could,  therefore,  only  be  considered 
in  connexion  with  large  units,  but  the  .practical  difficulties 
experienced  in  pumps  of  this  type  for  large  capacities  had  still  to 
be  overcome  before  the  question  could  be  finally  considered.  There 
was,  however,  no  doubt  as  to  the  future  possibilities  of  this 
combination,  and  it  was  a  subject  which  would  be  followed  with  great 
interest  by  engineers  interested  in  the  question. 

With  regard  to  Mr.  Chorlton's  question  (page  167)  relating  to 
the  efficiency  of  hydraulic  turbines,  the  increase  was  due  not  only 
to  the  improved  design  of  the  runner  in  relation  to  the  stream-lines, 
but  perhaps  to  a  greater  extent  to  eliminating  obstructions  and 
formations  of  eddies  in  the  intake-flumes  or  casings,  in  suction 
bends,  suction-tubes,  etc.,  in  addition  to  reducing  the  mechanical 
friction  losses.  Without  doubt,  the  same  remarks  would  apply  to 
the  design  of  centrifugal-pump  installations,  and  an  improved 
efficiency  would  be  secured  by  paying  more  attention  to  the 
arrangements  of  bends  and  pipes  both  at  the  suction  and 
delivery  sides  and  by  adopting  ball-bearings  to  reduce  mechanical 
friction. 

The  Author  regretted  that  the  description  of  the  automatic 
arrangement  for  taking  up  the  axial  thrust  was  not  so  clear  as 
could  be  desired.  Fig.  25  (page  111)  showed  the  arrangement 
generally  adopted,  the  space  on  each  side  of  the  runner 
communicating  to  the  suction  side  through  a  small  clearance 
between  the  runner  and  the  casing.  The  leakage  at  the  entrance 
edge  of  the  runner  admitted  the  pressure-water  on  each  side,  and 
an  unbalanced  thrust  in  either  direction  would  cause  the  runner 
and  shaft  to  move  axially,  as  permitted  by  clearance  in  the  bearings. 
Consequently,  the  pressure  on  one  side  of  the  runner  would  be 
relieved  through  the  larger  clearance  to  the  suction  side,  and  an 
increased  pressure  could  be  thus  created  in  a  direction  opposite  to 
the  thrust,  an-d  equilibrium  re-established.  It  was  agreed  that  this 
arrangement  was  of  a  much  simpler  design  than  that  adopted  for 
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centrifugal    pumps   where   several   impellers    on   the   same    shaft 
necessitated  a  separate  thrust-plate  and  chamber. 

lie  appreciated  the  frank  criticism  put  forward  by  Mr.  Pendred, 
and  he  agreed  that  simply  from  lack  of  space  omissions  had  been 
necessary,  although  he,  was  of  the  opinion  that  the  most  important 
points  had  been  touched  upon  in  the  Paper.  He  felt,  however, 
constrained  to  repudiate  most  emphatically  Mr.  Pendred's  remarks 
as  to  the  usefulness  of  the  Paper.  Mr.  Pendred  must  be  fully 
aware  that  our  Technical  Press  had,  to  a  great  extent,  neglected  to 
devote  sufficient  space  to  the  development  of  water-power  engineering, 
and  from  the  Author's  experience  amongst  practical  engineers  in 
this  country,  it  had  always  been  a  source  of  great  inconvenience  to 
those  interested  in  the  subject  that  no  information  was  readily 
accessible  in  this  quarter. 

In  view  of  the  interest  the  question  of  utilization  of  water- 
power  now  commanded   amongst   all    classes    of  engineers,   it  had 
been  suggested  that  a  resume  of  the  development  of  water-power 
engineering  would   be  of   interest   to  those  whose   time  had  not 
permitted  them  to  make  a  detailed  study  on  the  subject,  and  in  the 
endeavour   to   meet   this    desire,   the    Author    had    been    amply 
rewarded    by    the    individual    appreciation    received     from    the 
members  and  the  general  interest  taken  in  the  Paper.     He  was 
surprised  at  the  difficulty  experienced  by  Mr.  Pendred  in  finding 
any  part  of  the  Paper  suitable  for  discussion.     From  the  valuable 
contributions  made,  it  appeared  that  this  view  was  not  shared  by 
those  who  were  directly  interested  on  the  practical  side  in  any  of 
the  branches  of  water-power  engineering.     He  regretted  that  he 
had  unwittingly  offended    the  susceptibilities  of  the    Italians,  as 
mentioned  by  Mr.  Pendred,  but  he  thought  that  any  omission  on 
this  score  might  be  excused,  seeing  that  a  choice  had  to  be  made 
from  a  large  number  of  plants,  in  order  to  select  only  those  which 
best  illustrated  the  special  features  it  was  desired  to  bring  out  in 
the  Paper. 

The  reference  to  the  Pelton  Wheel  at  Bardo-!Necchia  was 
certainly  most  interesting,  but  the  particular  feature  of  two  wheels 
of  different  diameter,  although    exceptional,  was   not   technically 
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anything  so  remarkable  as  attributed  to  it  by  Mr.  Pendred. 
Nevertheless,  he  was  grateful  to  him  for  drawing  attention  to  this 
plant  and  referring  to  the  illustration. 

He  thanked  Mr.  Pendred  for  his  explanation  regarding  the 
ALichell  Thrust  Bearing.  He  himself  had  stated  at  the  discussion 
in  Manchester  that  he  had  been  puzzled  as  to  the  proper  name  of 
this  type  of  bearing,  and  he  felt  sure  that  Mr.  Pendred's  explanation 
was  welcomed  by  all  members  as  it  gave  publicity  to  a  fact  which 
was  not  generally  known,  and  secured  to  Michell  the  credit  for  this 
invention. 

The  substance  of  j\Ir.  A.  C.  Anderson's  criticism  (page  171)  v\as 
that  the  Paper  was  not  sufficiently  up-to-date,  which  statement  in 
his  opinion  was  not  justified.  In  support  of  his  contention,  ]\Ir. 
Anderson  referred  in  the  first  place  to  the  spring  type  thrust- 
bearing  as  now  being  in  common  use.  This  statement  was  not 
correct,  as  this  bearing  had  only  recently  been  developed,*  and  at 
the  time  of  publishing  the  Paper  very  few  bearings  of  this  type 
had  been  made.  The  Michell  bearing  was,  at  the  present  moment, 
in  most  common  use  as  far  as  recent  plants  were  concerned,  having 
in  the  last  few  years  been  installed  on  water-turbine  units  with  an 
aggregate  output  of  over  one  million  h.p. 

Mr.  Anderson  must  further  have  been  misinformed  with 
reference  to  the  statement  that  the  Michell  Bearings  at  the  Gatun 
Power  Station  had  been  replaced  by  spring  thrust-bearings ; 
this  was  obviously  incorrect  as  this  plant  was  originally  equipped 
with  roller  bearings,  and  Michell  bearings  had  never  been 
used.  Without  doubt  the  spring  thrust-bearing  had  a  considerable 
future,  although  no  special  merits,  which  were  not  possessed  by  the 
Michell,  had  been  claimed  for  this  type  of  bearing,  and  the  question 
of  cost  would  probably  decide  which  type  of  bearing  would  be 
adopted  for  future  installations.  The  other  type  of  bearing 
referred  to  by  Mr.  Anderson,  in  which  the  stationary  ring  was 
radially  divided  in  alternate  flat  and  inclined  sectors  was  known  as 
the  Gibbs  type,  and  was  a  direct  outcome  of  the  introduction  of  the 


*  General  Electric  Eeview,  November,  1919. 
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Michell  type,  and  obtained  perhaps  by  simpler  mechanical  design 
the  same  effect. 

Passing  to  Mr.  Anderson's  complaint  that  the  Seewer 
;in*angement  for  the  governing  of  Pelton  Wheels  had  not  been 
referred  to  in  the  Paper,  he  would  point  out  that  this  arrangement 
was  tested  on  a  small  Pelton  "Wheel  in  the  Laljoratory  at  the 
Technical  High  School,  Zurich,  in  March  1919,  and  the  report 
fiublished  only  in  June  the  same  year  *  was  too  late  for  inclusion  in 
the  Paper.  To  the  Author's  knowledge  it  had  not  been  installed  in 
any  plant  but  would  probably,  in  the  near  future,  be  adopted  to  a 
•certain  extent,  although  it  was  questionable  whether  it  would 
supersede  the  now  common  form  of  "  deflector,"  in  which  the 
mechanical  design  was  of  a  far  less  complicated  nature. 

In  the  next  place  IVIr.  Anderson  pointed  to  a  distinct  omission 
in  that  nothing  had  been  said  about  electric  welding.  It  was  not 
<'lear  from  his  remarks  whether  he  wanted  to  convey  that  electric 
welding  was  used  for  manufacturing,  in  bulk,  pipes  required  in 
•connexion  with  hydro-electric  plants.  Electric  welding,  as  well 
as  oxy-acetylene  welding,  were  used  for  repairs  of  pipes,  and  in 
•certain  cases  for  making  field-joints,  but,  on  score  of  cost  alone,  it 
■could  not  be  used  for  manufacturing  in  bulk  the  large  pipes  and 
plate  thicknesses  required  by  present-day  practice  in  connexion 
with  hydro-electric  work.  For  this  purpose  water-gas  welding  was 
exclusively  adopted,  and  for  that  reason  no  other  system  of  welding 
was  referred  to. 

As  regards  ^[r.  Anderson's  reference  to  page  62  and  his 
*;ubsequent  prediction  that  the  axial-flow  type  turbines  would  be 
'vised  for  extremely  low  falls,  a  careful  perusal  of  the  Paper  would,  he 
thought,  have  made  his  remarks  on  this  point  superfluous.  On 
\ysige  80  he  made  the  following  statement  in  connexion  with  the 
new  type  of  turbine,  illustrated  in  Fig.  8  (page  77),  viz.  : — "  This  new 
departure  in  design  suggests  the  possibility  of  reverting  to  the 
axial   Jonval   type   of    runner.     It    is    anticipated    that    further 
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progress  I  will  soonl  be  recorded."  In  making  this  statement,  the 
Author  had  in  view  the  development  of  the  axial  type  of  turbine 
on  the  lines  as  suggested  by  Baudish,  Kaplan,  and  Zuppinger.* 

Mr.  Anderson's  statement  that  the  Author  had  credited  the 
Americans  with  the  development  of  the  modern  Francis  turbine 
must  have  been  made  under  a  misapprehension.  It  was  common 
knowledge  that  the  Americans  developed  the  high-speed  runner 
then  known  as  the  "  American  type,"  whereas  in  Europe  the 
Francis  turbine  at  that  time  was  used  exclusively  for  medium 
heads  (Type  A,  B,  Fig.  1)  and  developed  principally  in  Switzerland, 
being  known  as  the  "  Swiss  type."  The  subsequent  development 
was  fully  referred  to  in  the  Paper,  and  on  pages  56-7  it  was  clearly 
stated  that  whereas  the  American  Engineers  introduced  the 
high-speed  Francis  turbine,  the  development  of  the  modern  type 
was  entirely  due  to  European  Engineers. 

The  point  raised  by  Mr.  Anderson  in  connexion  with  the  high- 
pressure  Francis  turbine  was  very  important.  Wherever  the  speed 
permitted,  runners  were  now  preferably  made  of  close-grained  cast- 
iron  when  very  smooth  surfaces  were  obtained,  and  care  was  taken 
to  remove  any  rough  places.  In  this  connexion  it  was  not  only 
the  skin  friction  inside  the  runner  which  had  to  be  taken  into 
consideration,  but  also  the  frictional  resistance  of  the  "  dead " 
water  on  each  side  of  the  runner.  The  "  dead "  water  would 
rotate  at  a  speed  of  approximately  one-half  of  the  speed  of  the 
runner,  and  friction  would  occur  both  between  that  water  and  the 
casing  and  outside  of  the  runner  respectively.  The  leakage  loss 
would  necessarily  be  serious  in  high-pressure  turbines,  as  it  was 
proportional  to  the  pressure  at  the  extreme  entrance  of  the  runner, 
and  required  special  attention  as  compared  with  low-pressure 
turbines.  By  small  clearances  and  labyrinth  joints  in  the  renewable 
sealing  rings,  the  leakage  in  percentage  was  not  larger  than  was 
found  in  low-pressure  turbines. 

He  was  obliged  to  Mr.  Anderson  for  drawing  attention  to  the  use 

*  "  Electrotechnik  u.  Maschinenbau,"  Vienna,  December,  1915.  "  Zeits. 
d.  Oesterr.  Ing.  u.  Arch.  Vereins,"  Vienna,  1917.  Schweiz.  Bauzeihmg, 
Zurich,  1919. 
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of  concrete  housings  for  larger  generator  stators.  This  suggestion 
emanated  from  Mr.  C.  M.  Hackett,  of  the  General  Electric 
Company,  Schenectady,  and  the  last  November  issue  of  the  General 
Electric  Review  contained  an  article  descriptive  of  this  arrangement, 
together  with  an  imaginary  illustration  of  a  hydro-electric  generator 
station  of  the  future.  As  stated  by  Mr.  Anderson,  the  advantage 
of  this  suggested  arrangement  lay  in  the  saving  on 'the  initial  cost 
of  installation,  and  time  would  show  if  engineers  concerned  with 
building  of  large  hydro-electric  stations  would  readily  adopt  this 
radical  departure  from  our  old  ideas  of  power-house  design. 

He  could  not  possibly  agree  with  Mr.  Lancaster  Burne's 
statement  in  regard  to  the  use  of  cylinder  gates  (page  176),  as  it 
was  a  well-known  fact  that  this  type  of  gate  was  now  not  even 
manufactured  by  any  of  the  leading  makers.  He  agreed  that 
assuming  constant  load  and  maximum  gate-opening,  the  type  of 
gate  was  of  no  consequence,  but  it  must  be  borne  in  mind  that  in 
most  cases  the  quantity  of  water  fluctuated,  which  necessitated  using 
the  turbine  at  part  gate  with  reduced  power,  and  with  the  use  of 
cylinder  gate,  serious  losses  would  occur  at  a  time  when  the  highest 
efficiency  was  desirable. 

The  Author  entirely  agreed  with  the  sentiment  expressed  by 
the  President  as  to  the  use  of  the  name  of  Michell  in  connexion 
with  bearings  based  on  his  invention,  and  he  was  particularly 
indebted  to  Dr.  Hele-Shaw  for  his  valuable  contribution  on  the 
subject. 

In  reply  to  Mr.  Patchell  (page  178),  he  regretted  that  space 
could  not  possibly  permit  a  reference  to  the  question  of  cost  of 
hydro-electric  works.  The  reason  was  simply  that  it  was  a  subject 
in  itself,  and  as  cost  varied  to  such  an  extent  in  each  installation, 
<iue  to  local  conditions,  height  of  fall,  and  numerous  other  details, 
it  was  impossible  to  generalize,  and  a  most  detailed  survey  would 
have  had  to  be  given.  The  Author  had  recently  gone  into  the  cost 
for  a  hydro-electric  scheme  in  Norway  for  developing  100,000  h.p., 
where  the  total  present  cost  worked  out  to  about  £20  10«.  per 
electrical  h.p.,  as  against  £9  on  the  basis  of  pre-war  cost.  As  a 
further  comparison,  the  diagram.  Fig.  54,  might  be  of  interest  as 


March  1920.  RECENT   UTILIZATION  OP  WATER-POWER. 


203 


"iving  the  mean  figures  of  actual  cost  taken  from  338  installations 
in  Sweden,  which  figures  had  recently  been  furnished  by  the 
Census  taken  in  that  country  under  the  auspices  of  the  Government. 
The  outlays  given  necessarily  showed  pre-war  cost,  and  at  the 
present  cost  of  construction  would  approximately  correspond  to 
at  least  three  times  the  values  given.  He  quite  agreed  that  at 
first  sight  the  cost  of  developing  water-power  in  this  country 
appeared    to    be    very  high    as   compared  with  large  steam-power 


Fig.  M.— Capital  Costs  of  Hydro-Electric 
Poioer  Stations  in  Sweden.    Including  Civil 
Engineering  work.  Hydraulic  and  Electrical 
Equipment,  but  exclusive  of  Transmission 
Lines. 
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installations,  but  it  had  to  be  borne  in  mind  that  the  running  cost 
was  very  small  in  water-power  driven  stations.  It  appeared  to  him 
to  be  essential  to  utilize  our  large  water-powers  in  connexion  with 
such  industries  where  the  cost  of  power  formed  a  high  percentage 
of  the  cost  of  the  finished  product,  and  where  a  continuous  process 
with  a  high-load  factor  was  employed.  In  such  cases  the  higher 
initial  cost  would  be  more  than  balanced  by  the  low  running  cost, 
and  the  utilization  of  water-powers  in  connexion  with  the 
•establishment  of  electro-chemical  or  electro-metallurgical  industries 
was  bound  to  be  considered. 
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The  production  of  atmospheric  nitrogen  in  this  country  had 
ah'eady  been  considered  by  a  Government  Commission  and  the 
electrolytic  or  electro-thermal  refining  of  zinc  and  copper,  the 
manufacture  of  calcium  carbide  and  the  electrolytic  production 
of  chlorine  and  caustic  soda,  to  mention  only  a  few  examples 
of  important  key  industries,  offered  exceptional  prospects  for 
utilization  of  water-power  both  in  this  country  and  in  the 
Dominions. 

He  was  very  much  interested  in  Mr.  Armfield's  contribution,, 
but  he  was  unable  to  endorse  his  views  regarding  the  use  of  the- 
cylinder-gate.  In  referi"ing  Mr.  Armfield  to  the  Author's  remarks 
on  the  same  subject  already  made  in  reply  to  Mr.  Lancaster  Burne,, 
he  would  add  that  the  cylinder-gate  could  only  be  considered  in  such 
cases  where  cheapness  was  the  first  consideration  without  regard  to 
the  efficiency  of  the  plant.  Contrary  to  Mr.  Armfield's  statement, 
the  wicket-gate  was,  when  properly  made,  practically  water-tight. 

Mr.  W.  P.  Digby's  remarks  (page  182)  were  extremely  valuable,, 
and  he  agreed  that  erosion  demanded  more  attention  than  had  been 
given  to  this  matter.  There  were,  however,  now  many  special 
alloys  which  had  been  used  with  great  success,  and  metal-spraying 
on  the  buckets  had  also  been  recently  introduced  to  reduce  the 
effect  of  erosion  by  maintaining  as  smooth  a  surface  as  possible,  but 
he  regretted  that  the  practical  results  of  this  method  were  not  yet 
available.  The  utilization  of  the  numerous  small  water-powers 
must  form  a  decided  feature  in  any  scheme  of  development  of  our 
water-power  resources,  and  the  question  of  a  linking-up  system 
wherever  possible  with  existing  steam-power  stations  would  have 
to  be  considered. 

He  was  glad  to  see  that  Mr.  Percy  Griffith  (page  184)  had 
contributed  to  the  discussion  and  drawn  attention  to  the  prior 
claim  of  water  for  domestic  use.  The  two  branches  of  engineering 
dealing  with  water-power  and  water-supply  had  many  points  in 
common  interest,  and  he  endorsed  INIr.  Griffith's  remark  that  in 
many  cases  water-power  could  be  developed  with  advantage  in 
connexion  with  water-supply  schemes.  Particularly  in  India,  a 
large  number  of  schemes  were  under  consideration  in  connexion 
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with  irrigation  dams,  and  there  was  no  reason  why  such  schemes 
could  not  be  introduced  to  a  certain  extent  in  this  country  when 
dealing  with  the  water-supply. 

Mr.  Griffith  appeared  to  be  very  pessimistic  in  regard  to 
development  of  water-power  in  this  country,  and  although  we 
were  not  so  fortunately  situated  as  other  countries  in  Europe  in 
respect  to  our  future  water-power  resources,  we  possessed  a 
certain  amount  which  could  be  economically  utilized  and  which 
were  bound  to  be  considered  in  the  near  future,  apart  from  the 
enormous  possibilities  existing  throughout  the  Empire. 

Mr.  William  T.  Taylor's  contribution  (page  189)  was  most 
instructive,  coming  from  a  gentleman  with  extensive  experience  in 
hydro-electric  works,  and  he  generally  endorsed  the  Author's 
statements.  In  the  Table  given  by  Mr.  Taylor,  he  introduced  a 
somewhat  different  nomenclature  than  that  used  by  the  Author. 
The  "  characteristic  speed "  given  in  the  Table  corresponded  to 
the  "  specific  speed  "  as  referred  to  in  the  Paper,  the  latter  term 
being  now  more  employed  by  engineers  and  in  all  literature  on 
the  subject. 

As  regards  Mr.  Taylor's  remarks  regarding  the  Author's 
statement  on  the  important  place  the  speed  regulation  had  in  the 
development  of  water-power,  he  did  not  think  any  real  difference 
of  view  existed,  as  he  only  desired  to  convey  that  the  fact  that  the 
governing  problem  was  satisfactorily  solved  opened  up  a.  larger  field 
for  employing  water-power,  which  in  its  turn  stimulated  the  efforts 
of  all-round  improvements,  and  resulted  in  the  high  standp>xd  of 
perfection  reached  at  the  present  time. 

He  desired  to  say  that  when  Major  C.  M.  Norrie  stated 
(page  186)  that  it  was  probably  due  to  ignorance  of  continental 
achievements  that  the  Author  had  ascribed  to  American  Engineers 
the  credit  for  the  development  of  the  high-specific  speed  turbines, 
he  laid  himself  open  to  be  criticized  for  being  imperfectly 
informed  on  the  subject  under  discussion.  It  could  not  be 
attributed  to  the  Author  that  he  had  not  sufficiently 
emphasized  the  important  position  in  the  development  of  the 
Francis  turbine,  which  must  be  accorded   to  European  engineers 
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(see  pages  57-66).  On  the  other  hand,  the  Author's  statement  that 
much  credit  was  due  to  American  engineers  in  respect  of  the 
development  of  the  high-specific  speed  turbine  was  based  on  facts 
which  couUl  not  possibly  be  gainsaid.  The  diagram  in  Fig.  5  was 
given  in  the  way  of  comparison,  to  emphasize  the  important 
development  after  that  date  (1909)  in  respect  of  high-specific  speed 
runners.  The  position  in  Europe  in  1914  was  that  a  specific  speed 
of  79  (350)  was  the  maximum  obtained  with  a  commercial  efficiency,^ 
and  no  manufacturers  had  standard  series  above  that  value.  As 
early  as  1911,  a  series  of  tests  and  investigations  were  carried  out 
by  Professor  Zowski  of  Michigan  University  on  high-speed  runnei-s 
with  specific  speeds  ranging  from  87  (387)  to  91  (404)  which 
established,  for  the  first  time,  the  characteristics  of  this  new  type 
of  runner.  In  1913,  further  tests  were  made  with  a  design  of 
runner  with  a  specific  speed  of  102  (453)  which  showed  a  test 
efficiency  of  90-7  per  cent.  This  type  of  runner  was  adopted  as 
a  standjird  series  by  Messrs.  James  Leflfel,  Springfield,  Ohio,  at  a 
time  when  no  European  makers  were  in  a  position  to  offer  any 
higher  specific  speed  than  79  (350).  The  Author  recalled  the  fact 
that  in  1915  he  was  responsible  for  the  equipment  of  a  turbine 
plant  when  an  American  maker  offered  standard  turbines  with  a 
specific  speed  of  95,  and  on  inquiring  from  several  European 
makers,  they  were  unable  to  quote  on  the  above  stated  speed. 
Apart  from  being  adopted  as  a  standard  series,  several  large  plants 
were  built  in  America  where  turbines  w'ith  a  specific  speed  of  95 
were  adopted.  Simultaneously,  tests  were  carried  out  in  Europe 
on  types  suggested  by  Professors  Kaplan,  Banki  and  others,  and 
the  first  complete  test  was  made  by  Professor  Prazil  in  1915  on  a 
new  type  of  turbine  designed  by  Messrs.  Escher  Wyss  and  Co., 
and  illustrated  in  Fig.  8  (page  77).  He  was  under  the  impression 
that  the  figures  given  by  Major  Norrie  referred  to  the  tests  on  this 
type,  which  were  given  prominence  in  the  Paper  as  being  the  type 
which  would  lead  to  the  adoption  of  axial  runner  for  low-fall 
developments.  He  felt  it  necessary  to  give  the  above  explanation 
as  Major  Norrie's  statement  was  based  on  insufficient  knowledge 
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of   the   prominent   part   American   engineers    had   taken   in   this 
particular  development  of  the  Francis  turbine. 

He  did  not  know  how  Major  Norrie  had  arrived  at  his  figure  of 
400  per  cent  for  runaway  speeds.  At  the  test  of  the  high-speed 
turbine  referred  to  above,  specific  speed  112  (500),  the  runaway 
speed  amounted  to  approximately  180  per  cent,  of  the  normal  speed. 
As  a  comparison,  he  would  quote  the  following  figures  from  actual 
tests  on  different  types  of  turbines  : — 


No.  of 
Runners. 

Head 
in  feet. 

Output 
BHP. 

Runaway 

speed  in 

per  cent 

of  N. 

Normal 
N.  in 
r.p.m. 

!       N,. 
'  (Metric.) 

N,. 
(foot-lb.) 

4 

35 

1,850 

159 

300 

335 

73 

3 

8 

400 

164 

83 

320 

72 

4 

35 

4,500 

165 

180 

320 

72 

2 

36 

1,200 

169 

250 

310 

70 

2 

35 

450 

155 

360 

285 

64-5 

2 

66 

4,500 

176 

250 

280 

63 

2 

59 

1,500 

183 

300 

220 

49-5 

1 

66 

225 

171 

600 

213 

48 

2 

100 

13,000 

178 

187 

210       i 

1 

47-25 

A  published  record*  of  runaway  speed  tests,  on  various  sizes 
of  Francis  turbines  of  American  make  gave  results  varying  from 
152  to  178  per  cent  of  the  normal  speed.  As  regards  the  rest  of 
Major  Norrie's  Communication,  he  agreed  entirely  with  the 
remarks  expressed  by  him.  • 


D.  Mead.     Water  Power  Engineering,  New  York,  1915. 


Fkb.  19-20.  209 


C^e  |nstitiiti0n  ai  ^tt^uml  (Jnginun. 


PROCEEDINGS. 


ANNUAL   GENERAL   MEETING. 


February  1920. 


The  Seventy-Third  Annual  General  Meeting  was  held  at 
The  Institution,  London,  on  Friday,  20th  February  1920,  at  Six 
o'clock  p.m.  The  Chair  was  taken  by  Mark  H.  Robinson,  Esq., 
Vice-President,  who  was  succeeded  by  Captain  H.  Riall  Sankey, 
C.B.,  R.E.,  ret.,  the  President  whose  election  was  announced  at  the 
Meeting. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  Annual  Report  of  the  Council  for  the  year  1919  was  then 
presented,  and  taken  as  read.  The  Chairman  thereupon  moved  its 
adoption,  which  was  seconded  by  Captain  H.  Riall  Sankey,  C.B., 
R.E.,  ret.,  Vice-President. 

Mr.  Percy  L.  Young  said  no  mention  was  made  in  the  Report 
of  the  question  of  the  Registration  of  Engineers.  He  understood 
that  there  was  a  Bill  about  to  come  before  Parliament  dealing  with 
the  matter,  and  he  desired  that  the  Council  should  safeguard  the 
interests  of  the  members  of  The  Institution  of  Mechanical  Engineers 
in  respect  to  that  Bill. 
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The  Chairman  said  the  matter  had  received  a  great  deal  of 
consideration  on  the  part  of  the  Council.  A  Committee  of  the 
Council  hud  met  the  Council  of  The  Institution  of  Civil  Engineers 
the  previous  day,  when  a  very  friendly  discussion  had  ensued,  with 
the  result  that  he  thought  there  might  be  an  extremely  satisfactory 
termination  of  the  whole  question.  If  the  members  would  allow 
the  matter  to  be  left  at  that  for  the  present,  he  thought  for  many 
reasons  it  would  be  advantageous,  but  there  was  no  harm  in  saying 
that  the  Council  of  The  Institution  of  Mechanical  Engineers 
entirely  objected  to  the  Bill  as  it  stood  and  would  oppose  it  if 
necessary,  but  they  had  great  hopes  that  a  friendly  arrangement 
would  be  come  to,  to  the  advantage  of  all  sections  of  Engineers. 

Dr.  H.  S.  Hele-Shaw,  F.R.S.  (Member  of  Council),  said  he 
would  like  to  add  one  remark.  Naturally  Mr.  Robinson  in  presiding 
felt  rather  diffident  as  to  saying  perhaps  too  much  about  the  matter 
at  the  present  stage,  but  he  thought  he  (Dr.  Hele-Shaw)  might  be 
allowed  to  say,  as  a  Member  of  the  Sub-Committee  dealing  with 
the  matter,  that  the  members  of  The  Institution  of  Mechanical 
Engineers  need  be  under  no  apprehension  whatever  that  their 
Council  would  not  safeguard  their  interests.  The  Council  hoped 
that  the  matter  would  result  in  benefit  to  all  classes  of  the 
profession,  and  not  least  of  all  to  members  of  The  Institution  of 
^Mechanical  Engineers.  The  Chairman  evidently  did  not  wish  to 
enlarge  upon  any  details  at  the  moment,  in  order  not  to  disturb 
the  good  relations  which  existed  between  the  difierent  branches  of 
the  profession,  or  of  opposing  the  efibrts  which  were  being  made  to 
secure  full  recognition  of  their  profession  as  one  of  the  other 
learned  professions. 

The  motion  for  the  adoption  of  the  Report  was  then  put,  and 
carried  unanimously. 


The  Chairman   then   presented   the   following  Premiums   and 
Prizes : — 
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The  Fourth  Award  of  the  Starley  Premium,  for  the  best  Paper 
published  in  the  Proceedings  of  1917,  1918,  and  1919,  dealing  with 
the  Development  of  Road  Locomotion,  to  Mr.  L.  A.  Legros,  O.B.E., 
for  his  Paper  on  "  Traction  on  Bad  Roads  or  Land." 

The  Thomas  Haivlsley  Gold  Medal  for  1920,  given  annually  for 
the  best  Paper  published  in  the  Proceedings  of  the  preceding  year, 
to  Mr.  Thomas  T.  Heaton,  for  his  Paper  on  "  Electric  Welding." 

The  First  Award  of  the  T.  Bernard  Hall  Prize,  for  the  best 
Paper  dealing  with  invention,  design  or  research  in  Mechanical 
Engineering,  published  in  the  Proceedings  of  1918  and  1919,  to 
Dr.  W.  H.  Hatfield,  for  his  Paper  on  "  The  Mechanical  Properties 
of  Steel,  with  some  considei-ation  of  the  question  of  Brittleness." 

A  Prize  of  the  value  of  £f>  to  Mr.  S.  J.  Westcott  in  the 
Associate  Membership  Examination. 


Alteration  of  By-laws. 

The  Chairman  said  that,  as  the  Council  desired  that  the 
discussion  on  Mr.  Bergstrom's  Paper  should  not  be  curtailed  by  the 
discussion  on  the  alteration  of  By-laws,  they  proposed,  if  that 
discussion  seemed  likely  to  go  beyond  the  time  allotted  to  it,  to 
adjourn  the  Meeting  to  Friday,  5th  March. 

It  might  be  said  that  the  proposed  alterations  divided  themselves 
naturally  into  three  parts :  (1)  The  alterations  in  the  rates  of 
Subscription  ;  (2)  Changes  affecting  the  qualifying  ages  for  the 
different  grades  ;  and  (3)  Changes  in  other  qualifying  conditions. 

With  regard  to  Subscriptions,  as  he  had  been  for  some  years  the 
Chairman  of  the  Finance  Committee  he  supposed  he  might  be 
expected  to  say  something  on  the  subject.  The  reason  for  the 
suggested  increase  in  Subscriptions  must,  he  thought,  be  obvious  to 
everybody.  The  Council  were  proposing  only  a  very  moderate 
increase,  that  \7as  to  say,  it  was  proposed  to  raise  the  Subscription 
of  Members  from  £3  to  £4,  and  of  Associate  Members  from  £2  10«. 
to  £3  ;  the  latter  increase  of  10s.  a  year  was  certainly  a  small  one. 
For  somewhat  different  reasons,  it  was  proposed  to  raise  the 
Subscription  (and  Entrance  Fee)  for  Associates  so  as  to  put  them  in. 
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that  respect  on  the  same  footing  as  Members.  For  a  long  time  past 
the  Council  had  aimed  at  making  the  grade  of  Associate  both  more 
important  and  more  attractive  to  persons  of  achieved  position 
outside  the  Institution,  who  yet  desired  to  associate  themselves 
with  it.  The  existing  low  Subscription  and  Entrance  Fee  for 
Associateship  tended  too  strongly  to  suggest  to  outsiders  that 
Associates  were  elected  as  such  only  because  tliey  just  failed  to 
be  qualified  for  Associate  Membership.  That  was  not  at  all  the 
fact.  The  Institution  elected  a  man  as  an  Associate  because, 
though  not  a  Mechanical  Engineer,  he  was,  as  a  scientist  or 
otherwise,  a  man  naturally  associated  with  engineering,  either  in 
his  studies  or  in  his  occupation,  and  competent  by  his  attainments 
or  by  his  experience  to  assist  engineers  in  the  discussion  of 
engineering  subjects.  The  Council  considered  that  the  honourable 
and  indeed  privileged  position  of  the  Associate  should  be 
acknowledged  by  the  same  payments  to  the  Institution  as  were 
made  by  fuU  Members. 

The  Entrance  Fees  were  at  present  small  when  compared  with 
those  of  some  other  Institutions.  A  full  Member  of  the  Institution 
was  called  upon  to  pay  only  <£2  as  Entrance  Fee.  The  Council  did 
not  want  to  make  too  violent  a  change,  but  it  appeared  to  them 
that  if  a  man  was  elected  a  full  Member  he  should  at  least  pay  £5 
as  Entrance  Fee.  It  was  proposed  to  raise  the  Entrance  Fee  of 
Associate  Members  from  .£1,  a  merely  nominal  figure,  to  £2  10s., 
half  the  Entrance  Fee  for  a  Member. 

(A  slide  was  then  exhibited  showing  the  alterations  proposed.) 

Mr.  Bonney  had  put  down  an  amendment  which  proposed  much 
higher  fees,  beginning  with  £20  for  Members.  That  was  no  more 
than  Tlie  Institution  of  Civil  Engineers  charged  to  its  Members,  but 
it  would  be  a  very  large  increase  in  our  case,  and  the  Council  could 
not  support  it. 

The  Council  had  been  asked,  naturally,  why  they  desired  to 
increase  the  Subscriptions.  Everybody  knew  that  everything 
connected  with  the  management  of  Institutions,  or  of  anything 
else,  now  cost  a  great  deal  more  than  it  did.  It  would  be  easy  to 
show  that  the  cost  of  things  had  increased  in  much  larger  proportion 
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than  the  Subscriptions  were  now  proposed  to  be  increased.  If 
members  examined  the  accounts  they  would  see  that  the  general 
expenditure  of  the  Institution  had  risen,  in  round  figures,  from 
£13,500  in  1918  to  £16,000  in  1919,  and  in  the  coming  year  it 
was  not  safe  to  anticipate  a  less  increase  than  £4,000  beyond  the 
figures  of  1919.  In  these  facts  the  Council  saw  excellent  reason 
for  the  very  moderate  increases  which  they  had  proposed,  and  he 
felt  certain  the  members  would  agree  with  them.  The  Institution 
of  Electrical  Engineers  had  higher  subscriptions  for  both  Members 
and  Associate  Members  than  even  the  increased  rates  now  proposed 
for  members  of  the  Mechanicals,  and  the  same  statement  applied 
to  the  Civil  Engineers.  The  Iron  and  Steel  Institute,  he  believed, 
had  doubled  its  Subscriptions. 

The  Council  had  made  those  alterations  very  unwillingly,  but 
they  were  really  necessary.  It  must  be  remembered  that  the 
Institution,  like  everybody  else,  had  to  "  wake  up  "  after  the  War. 
The  Council  were  making  a  strong  efi"ort  to  start  satisfactory  Local 
Branches,  and  they  looked  forward  to  a  great  deal  of  good  as  the 
result.  That  would  cost  a  good  deal.  The  Institution  must  be 
prepared  to  help  those  Local  Branches  liberally,  and  the  Council 
were  looking  forward  to  the  time  when  they  should  be  in  a  position 
to  do  so. 

Mr.  Michael  Loxgridge  (Past-President)  thought  it  might  be 
agreeable  to  the  members  and  possibly  save  time  if  he  explained 
briefly  the  reasons  which  influenced  the  Council  in  drafting  the 
new  By-laws  1  and  2,  before  the  amendments  of  which  notice  had 
been  given  were  moved.  It  might  also  save  time  as,  after  his 
explanation  had  been  heard,  some  of  the  amendments  might  be 
withdrawn  and  discussion  on  them  avoided. 

The  changes  in  By-laws  Nos.  1  and  2 — No.  I  aflfecting  the 
entrance  of  Members  and  No.  2  aflfecting  the  entrance  of  Associate 
Members — prescribed  the  two  kinds  of  qualifications  for  each 
class.  One  was  an  age  qualification  and  the  other  was  an 
attainment  qualification.  In  the  age  qualification  for  Members,^ 
the   Council   had   differentiated    between   those   who    had   passed 


■214  ALTEUATION    OF    BY-LAWS.  Fkb.  1920. 

-{Mr.  Michael  Longridge.) 

the  Associate  Membership  Examination  and  those  who  had 
not  passed  it.  That  was  not  a  new  principle,  but  merely  an 
extension  of  the  principle  which  already  applied  to  Associate 
Members.  Since  1913,  Candidates  who  had  passed  the  Associate 
Membership  Examination  could  be  elected  Associate  Members 
when    25    years   old,    but    those    who    had    not   passed   such   an 

examination  could  not  be  elected  before  the  age  of  30  years.  He 
thought  all  would  agree  that  the  principle  was  sound ;  if  so,  there 
seemed  to  be  no  reason  why  it  should  not  be  extended  to  candidates 
for  [Membership. 

The  man  who  had  no  theoretical  knowledge,  but  only  workshop 
experience  to  guide  him,  could,  as  a  rule,  only  deal  successfully 
with  jobs  which  lay  within  the  compass  of  his  experience.  Outside 
that  he  had  no  guide  to  rely  on.  On  the  other  hand  the  man  who 
possessed  a  knowledge  of  the  laws  by  which  the  solution  of  all 
engineering  problems  might  be  theoretically  solved  would  find 
himself  able  to  undertake  a  much  gx-eater  variety  of  work  with 
less  practical  experience.  Now  the  only  practicable  test  of  the 
possession  of  a  knowledge  of  the  theory  of  Engineering  was 
examination,  and  therefore  the  Council  thought  that  those  who  had 
passed  the  Associate  Membership  Examination  should  be  eligible 
for  Membership  at  an  earlier  age  than  those  who  had  not.  He  saw 
that  notice  had  been  given  of  an  amendment  to  raise  the  minimum 
age  for  admission  to  full  Membership  and  Associate  Membership  to 
50  years  for  those  who  had  not  passed  the  Associate  Membership 
Examination.  That  was  almost  tantamount  to  excluding  such  men 
altogether.  He  hoped  this  amendment  would  not  be  pressed.  He 
was  sure  the  Institution  would  be  a  heavy  loser  if  men  of  large 
practical  experience,  even  though  they  might  not  possess  the  full 
equipment  of  a  modern  engineer,  were  kept  out  by  its  adoption. 
With  regard  to  the  particular  ages  specified  in  the  proposed  new 
By-laws  1  and  2  he  might  say  that  they  had  been  fixed  in 
accordance  with  experience  derived  from  the  consideration  of  the 
cjindidates'  proposal  forms  sent  in  month  by  month.  The  ages 
given  in  the  new  By-laws  were  practically  the  minimum  ages  at 
which  candidates  were  now  admitted  under  the  existing  By-laws. 


I 
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He  had  not  heard  any  complaints  from  members  as  to  the  present 
practice  of  the  Council,  and  therefore  hoped  the  members  would 
agree  to  bring  the  By-laws  into  accordance  with  it. 

Attention  had  been  called,  by  an  amendment  in  the  name  of 
Mr.  Armitage,  to  the  position  of  Associate  Members  who  had 
entered  the  Institution  before  1913,  the  year  in  which  the  first 
Examination  was  held.  These  Associate  Members  not  having  been 
examined,  because  there  were  no  examinations,  would  not  be 
eligible  for  Membership  till  they  attained  the  age  of  35,  although 
they  might  possess  the  knowledge  which  would  have  enabled  them 
to  pass  the  Examination  if  they  had  had  the  opportunity  of  going 
in  for  it.  Obviously  the  number  of  such  Associate  Members  must 
be  very  small,  because  it  could  only  include  those  who  were  under 
28  years  of  age  when  they  were  elected  Associate  Members. 
The  amendment  suggested  that  they  might  become  qualified  for 
transfer  to  the  class  of  Members:  (1)  by  passing  the  Associate 
Membership  Examination ;  or  (2)  by  satisfying  the  Council  that 
they  possessed  the  attainments  which  would  enable  them  to  pass  it. 
The  Council  did  not  think  it  desirable  to  frame  a  special  By-law 
for  a  very  small  minority.  The  Council  could  give  special 
consideration  to  the  few  cases  which  would  come  before  them,  and 
he  was  sure  they  would  do  so. 

Captain  H.  Riall  Sankey,  C.B.,  R.E.,  ret.  (Vice-President), 
said  he  would  like  to  make  a  few  remarks  with  regard  to  the 
question  of  the  Graduates.  It  would  be  noticed  from  the  slide  on 
the  screen  that  the  Council  did  not  propose  any  alteration  in  the 
normal  limits  of  ages,  namely  from  18  to  28,  but  they  did  propose, 
in  certain  cases,  that  a  Graduate  could  remain  such  up  to  the  age 
of  33.  The  reason  was  that  sometimes  young  men  of  that  age 
were  not  able  to  obtain  the  position  which  the  Council  considered 
to  be  necessary  to  qualify  for  Associate  Membership,  and  under 
present  regulations  they  would  have  to  leave  the  Institution  at  the 
age  of  28  and  come  back  at  a  later  time.  In  order  to  bridge  that 
gap  the  idea  was  that  they  might  remain  up  to  the  age  of  33,  but 
if   they  could  not   get   a   job   by  that  age  it  would  appear  that 
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Engineering  was  not  their  vocation.  In  order  that  they  should 
have  no  temptation  to  remain  Graduates  up  to  33,  by  reason  of  the 
lower  subscription,  it  would  be  increased  to  that  for  Associate 
Membership.  There  were  two  amendments  to  this  By-law.  One 
was  that  of  Mr.  Walker,  who  proposed  the  age  of  30  instead  of  33. 
He  (Captain  Sankey)  thought  33  was  better  than  30,  but  the 
Meeting  would  hear  what  Mr.  Walker  had  to  say.  There  was  also 
an  amendment  by  Mr.  Moss,  which  was  of  great  importance,  but 
before  he  said  anything  on  the  subject  he  thought  the  Meeting  had 
better  hear  Mr.  Moss's  views. 

The  Chairman  said  he  would  first  deal  with  By-law  1.  He 
moved :  "  That  the  alterations  proposed  by  the  Council  in  By-law  1, 
as  shown  in  the  paper  which  had  been  distributed  to  the  members, 
be  approved  and  adopted." 

Mr.  William  H.  Patchell  (Member  of  Council)  seconded  the 
Motion. 

Mr.  G.  W.  Thompson  said  it  appeared  to  him,  looking  at  the 
recommendations  of  the  CouncU,  that  it  was  advisable,  for 
various  reasons  which  he  would  attempt  to  explain,  that  those 
recommendations  should  be  rejected.  The  members  had  been 
told  something  about  the  age  limits.  Speaking  as  a  practical  man, 
and  as  one  who  had  rubbed  shoulders  with  men  during  the  whole 
of  his  life,  he  considered  the  age  limit  at  which  mechanical 
engineers  entei'ed  the  Institution  should  still  remain  as  it  was. 
Personally,  he  failed  to  see  why  the  Council  desired  to  alter  the  age 
limit.  So  far  as  he  could  see,  age  did  not  improve  a  man's 
qualifications  so  far  as  being  a  member  of  the  Institution  was 
concerned.  He  considered  the  respective  age  limits  as  enumerated 
in  the  last  revision  of  the  By-laws  in  1916  should  remain  as  they 
were,  except  that  he  would  add  the  following  words  to  By-law  1, 
paragraph  2  :  "Or  has  had  suflicient  practical  experience."  He 
sometimes  thought  that  if  more  practical  discussions  took  place  at 
the  Institution's   Meetings  it  would  be  to  the  advantage  of   the 
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members.  Theoretical  ideas  were  somewhat  speculative,  but  when 
combined  with  practical  experience  were  of  great  benefit.  With 
regard  to  the  question  of  Entrance  Fees  and  Subscriptions,  it  would 
be  observed  that  his  amendment  was  to  add  the  words,  "  Any 
Members,  Associate  Members,  Graduates,  or  Associates  who  are 
elected  after  .31st  December  1920  should  pivy  an  increased 
Subscription  and  a  higher  Entrance  Fee. 

The  Chairman,  inteiTupting,  said  only  By-law  1  was  being  dealt 
with  at  the  moment,  and  not  the  question  of  Subscriptions.  The 
Meeting  could  not  now  go  beyond  the  discussion  of  By-law  1. 

Mr.  Thompson  said  he  failed  to  see  the  point  of  the  interruption. 
With  all  due  deference  to  the  Members  of  the  Council,  they  had 
had  their  say  on  the  whole  subject,  and  he  did  not  see  why  he 
should  not  be  allowed  to  state  his  case  or  that  any  member  should 
be  cut  down  in  his  remarks. 

The  Chairman  said  Mr.  Thompson  would  have  plenty  of 
opportunity  later  on  of  dealing  with  all  sections  of  the  subject ;  at 
present  they  could  only  discuss  the  questions  raised  in  the  proposed 
alterations  to  By-law  1. 

Mr.  P.  0.  Bonniwell  said  he  had  great  pleasure  in  seconding 
Mr.  Thompson's  amendment.  He  quite  agreed  with  Mr.  Thompson 
that  if  the  Papers  read  before  the  Institution  were  of  a  more 
practicjil  nature  there  would  be  far  larger  attendances  and  far 
more  interest  taken  in  the  proceedings. 

The  Chairman,  again  interrupting,  said  that  h.ad  nothing  to  do 
with  By-law  1,  which  alone  was  now  under  discussion. 

Mr.  Bonniwell  said  in  that  case  he  would  satisfy  himself  by 
merely  seconding  the  amendment. 

The  Chairman  said  the  proposed  amendment  was :  "  That  the 
alterations   proposed   by  the  Council  for  the  raising  of  tl^o  nge 
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limits  in  By-law  1,  re  members,  be  rejected."  As  a  fa^t  it  had  not 
been  definitely  moved  l)y  anyone,  but  it  might  be  useful  to  take  a 
vote  and  clear  it  out  of  the  way.  He  had  to  cjiU  attention  to  the 
fact  tlmt,  by  tlie  Articles,  all  changes  must  be  voted  upon  only  by 
Members  and  Associate  Members.  A.ssociates  or  Graduates  or 
Visitors  were  not  qualified  to  vote. 

The  amendment  was  then  put  to  the  Meeting  in  the  usual 
manner,  and  was  declared  by  the  Chairman  to  be  lost,  only  two 
members  voting  in  favour  of  it. 

Other  amendments  in  respect  of  By-law  1  of  which  notice  had 
been  given,  were  not  brought  forward,  and  the  Chairman  then 
put  the  original  Resolution  (confirming  the  Council's  proposed 
alterations)  to  the  INleeting  in  the  usual  manner  and  declared  it 
to  be  carried  nem.  con. 

(The  revised  By-law  1,  adopted  by  the  above  Resolution,  will  be 
found  in  the  Appendix  to  these  Proceedings  at  page  252). 

Dr.  H.  S.  Hele-Shaw  (Member  of  Council),  rising  to  a  point  of 
order,  said  that  the  Chairman  had  been  more  than  once  addressed 
as  the  President.  He  would  like  it  to  be  clearly  understood  that 
the  actual  President  had  been  in  bed  ill  for  seventeen  weeks  and 
that  Mr.  Robinson,  at  great  sacrifice  of  time  and  labour,  ha<l 
stepped  into  the  gap  and  had  occupied  the  position  of  Chairman, 
and  he  (Ur.  Hele-Shaw)  was  sure  that  members  would  all  do  their 
best  to  expedite  business.  He  hoped  in  a  few  minutes  the  new 
President  would  take  the  Chair,  because,  as  the  members  knew, 
the  ballot  for  his  election  had  taken  place. 


The  Chairman  said  he  would  now  take  By-law  2.  Mr.  Longridge 
had  already  stated  the  reasons  which  had  impelled  the  Council  on 
the  whole  to  raise  the  ages  for  election.  He  thought  Mr.  Longridge 
had  also  pointed  out — and  certainly  he  himself  would  like  to  take 
the  opportunity  of  pointing  out — that  the  general  trend  of  the 
proposed  alterations  (none  of  which  was  very  serious  or 
revolutionary)  was  to  increase  the  importance  of  the  examination 
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system  and  thereby  to  help  towards  making  the  engineering 
profession  one  of  highly-educated  as  well  as  very  practical  men. 
He  then  moved  :  "  That  the  alterations  proposed  by  the  Council  in 
By-law  2,  as  shown  in  the  paper  which  had  been  distributed  to  the 
members,  be  approved  and  adopted." 

Captain  H.  Riall  Sankey,  C.B.,  R.E.,  ret.,  seconded  the 
Resolution. 

No  amendment  being  moved,  the  Resolution  was  put  to  the 
Meeting  in  the  usual  manner,  and  was  declared  by  the  Chairman 
to  be  carried  nem.  con. 

(The  revised  By-law  2,  adopted  by  the  above  Resolution,  will 
be  found  in  the  Appendix  to  these  Proceedings,  page  252.) 

Mr.  G.  Smith  said  he  desired  to  ask  one  question.  He 
understood  the  proposition  was  to  alter  the  age  from  25  to  28, 
Did  that  alter  the  age  at  which  one  could  sit  for  the  examination  ? 

Mr.  William  H.  Patchell  (Member  of  Council)  said  the  point 
was  :  Need  a  man  wait  until  he  was  qualified  by  age  before  he  took 
his  examination  ?  That  had  never  yet  been  the  rule.  Men  of 
Graduate's  age  had  been  allowed  to  sit  for  the  Associate  Membership 
examination,  as  it  was  sometimes  more  convenient  for  them  to  do 
so,  and  there  was  no  reason  why  that  rule  should  not  be  continued. 


The  Chairman  said  he  would  next  take  By-law  3,  and  he  moved : 
"That  the  alterations  proposed  by  the  Council  in  By-law  3,  as 
shown  in  the  paper  which  had  been  distributed  to  the  members, 
be  approved  and  adopted." 

Captain  Sankey  seconded  the  Resolution. 

Mr.  E.  W.  Moss  said  he  begged  to  move  the  amendment  of 
By-law  3  in  the  manner  in  which  it  was  printed  in  the  list  of 
proposed  amendments.  The  amendment  would  make  it  easier  for 
young  men  about  to  enter  the  profession  of  Mechanical  Engineering, 
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or  who  liad  commenced    in    the   profession,  to  become  Graduates 
of  the  Institution.     Beiiifj  particularly  interested  in  the  Graduates' 
Association,    it   had    struck    him    as   i-ather    remarkable   that    tlie 
ninnber    of    Graduates    of    the    Institution   was   something    like 
*W0.     He  askeil  the  IMeetinj^  to  think  of  the  number  of  students 
of   Engineering  in  the  techniciil  colleges  in   London   alone.      He 
thought    it    did    not    say   very    much    for   the    Institution    tliat 
more    of    those   young    men    were    not   Graduates,      There   were 
some  students  who  went  to  college  when  they  were  as  young  as 
1(5,  and  he  saw  no  reason  why  the  Graduate  class  of  membership 
of     the    Institution     should    not    be    open    to    all    students    of 
Engineering  in  technical  colleges.     As  far  as  he  could  see,  it  would 
not  do  any  harm  to  the  Institution.     A  great  many  members  had 
spoken  to  him  concerning  the  proposed  alteration,  practically  all  of 
whom  had  suggested  that  the  age  of  16  was  too  low  and  that  it 
would  result  in  boys  attending  the  Meetings  of  the  Institution. 
He  did  not  think  it  would  make  any  difference  to  the  Meetings  ; 
if  young  men  of  16  were  keen  enough   to   become  Graduates  of 
the  Institution,  he  thought  it  would  be  of  considerable  benefit  to 
them  to  be  able  to  attend  the  Meetings  of  the  Institution.    Further 
than  that,  it  must  be  borne  in  mind  that  some  of  those  who  were 
students  now  would  be  the  leading  engineers  of  the  future,  an<l 
they  should,  therefore,  be  interested   in   the  leading  professional 
Institution.     If  they  became  interested  when  they  were  young, 
they  would  not  wish  to  relinquish  their  membership  in  the  future, 
with  the  result  that  they  would  take  some  pains  to  make  themselves 
of  the  value  necessary  for  acceptance  as  Corporate  Members  of  the 
Institution.     That  in  itself  would   not  only  help  the  profession, 
but  would   help  the   Institution  itself,  because,  where  would   the 
I  nstitution  be  if  engineers  did  not  join  it  ?     He  knew  that  a  great 
many  members  were  afraid  that  boys  of  16,  if  they  attended,  would 
disturb   the    Meetings,   but  Mr.   Patchell  woidd    bear  him  out  in 
Raying  that  young  men  of  that  age  who  were  Student  Members  of 
The  Institution  of  Electrical  Engineers  had  never  disturbed  the 
Meetings    of    that    Institution.      Further,    Professor    Dal  by,   and 
probably   Dr.    Hele-Shaw,   would    bear    him    out   in    saying    that 
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there  were  a  certain  number  of  students  who  went  to  college  as 
young  as  16.  There  would  always  be  the  controversy  as  to  whether 
a  man  who  was  to  become  an  engineer  should  go  to  college  first  or 
whether  he  should  go  through  a  works  training  first.  There  were 
some  who  did  one  thing  and  some  who  did  the  other,  and  why  close 
the  Institution  to  any  young  men,  particularly  yoUng  men  who 
were  keen  enough  to  commence  studying  engineering  and  who  were 
keen  enough  to  become  members  of  the  Institution  ?  He  therefore 
proposed  the  amendment  in  regard  to  By-law  3,  viz. :  That  in 
By-law  3  (as  proposed  by  the  Council  to  be  altered)  in  line  1  omit 
the  words  "  18  years  of  age,"  and  insert  "  16  years  of  age, 
and: — (1)";  and  in  line  9  after  the  word  "Engineers"  insert 
"  or  (2)  who  are  at  the  time  of  application  students  of  Engineering 
in  any  Technical  College  for  the  time  being  approved  by  the 
Council." 

Mr.  A.  L.  Evans  seconded  the  amendment. 

Captain  Sankey  said  he  thought  the  age  of  16  was  too  young 
for  Graduates,  They  had  to  pass  certain  examinations  and  they 
must  have  certain  experience  in  engineering  which,  except  for  a 
very  few,  it  would  be  impossible  to  expect  in  young  men  of  that 
age.  At  the  same  time,  he  himself  personally  agreed  with  Mr.  Moss 
— and  he  thought  other  Members  of  the  Council  also  agreed  witli 
him — as  to  the  desirability  of  roping  into  the  Institution  the  young 
men  in  Technical  Colleges.  It  seemed  to  him  there  was  a  way  out 
of  the  difticulty  by  establishing  a  junior  rank  of  Graduates.  They 
might  be  called  "  Junior  Graduates  "  or  "  Students."  As  a  matter  of 
fact.  The  Institution  of  Electrical  Engineers  had  got  such  a  junior 
rank  of  Graduates.  He  would  suggest  that  the  age  should  be  from 
16  to  19,  giving  an  overlap  of  one  year — 18  to  19.  Such  a  change 
as  that  could  not  be  carried  out  that  evening,  because  it  meant  a 
change  in  the  Articles  ;  it  would  have  to  be  done  at  a  Special 
Meeting,  followed  by  a  confirmatory  Meeting.  Therefore  he  would 
ask  Mr.  Moss  if  he  would  be  so  good  as  to  withdraw  his  amendment, 
and  would  suggest  that  the  Meeting  instruct  the  Council  to  appoint  a 
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small  Committee,  consisting  ot"  three  or  four  Members  of  the  Council, 
Mr.  Moss  and  Mr.  Evans,  and  one  or  two  of  tlie  senior  Graduates, 
to  consider  the  matter  and  to  report  at  an  early  date.  ITe  would 
like  to  take  the  opportunity  of  saying  how  much  the  Institution 
owed  to  Mr.  Moss  and  Mr.  Evans,  and  to  some  otlier  Associate 
MemlMjrs  who  were  Graduates  before  the  War,  for  the  way  in 
which  they  had  kept  up  the  prestige  of  the  Graduatas  and  their 
Association,  it  had  been  very  difficult  work.  Those  gentlemen 
were  still  on  the  Committee  of  the  Graduates,  altliough  they  were 
Associate  Members.  He  understood  they  were  going  to  relinquish 
their  posts  as  and  when  the  Graduates  were  CJipable  of  carrying  out 
the  duty.  Therefore,  anything  which  Mr.  Moss  and  I^Ir.  Evans 
said  in  regard  to  the  matter  must  be  treated  with  great  respect. 

Mr.  Moss  said  he  would  be  pleased  to  accept  Captain  Sankoy's 
suggestion.  In  proposing  the  amendment  to  By-law  3  he  had  only 
in  mind  the  l^enefit  which  would  accrue  to  th«  Institution  sis  a 
whole  by  roping  in  to  it  the  young  men  he  had  mentioned,  luid  by 
creating  interest  amongst  students  of  engineering.  He  did  not 
mind  at  all  withdrawing  his  proposed  amendment,  provided  that  it 
was  fully  understood  that  the  matter  would  be  gone  into  thoroughly 
by  a  Committee,  or  the  Council,  or  the  Institution  as  a  whole  ;  and, 
if  it  were  found  that  Captain  Sankey's  suggestion  was  unworkable, 
that  the  amendment  could  come  up  again  for  discussion. 

M  r.  Moss  then  withdrew  his  amendment. 

Mr.  Patchell  said  he  had  much  pleasure  in  supporting  Captiiin 
Sankey's  proposal,  as  Mr.  Moss  had  withdrawn  his  amendment. 
Nobody  had  taken  a  greater  interest  in  the  Graduates'  Association 
than  he  himself,  and  the  Council  would  be  happy  to  do  anything 
they  could  in  the  matter. 

Captain  Saxkey  then  suggested  that  a  Committee  be  formed, 
consisting  of  three  or  four  Members  of  the  Council,  Mr.  Moss, 
Mr,  Evans,  and  one  or  two  others,  to  be  named  later,  and  one  or 
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two  Graduates,  to  consider  the  question  of  establishing  a  Junior 
Grade  of  Graduates. 

Mr.  William  Reavell  (Member  of  Council)  said  he  would  like 
to  say  that  the  Council  would  not  only  wish  to  encourage  students 
of  16,  but  there  were  also  young  fellows  who  preferred  to  take 
their  practicsil  work  first ;  obviously  the  Council  ought  not  to 
favour  the  students  as  against  the  boys  who  preferred  to  take 
their  practical  work  first,  then  going  to  college  after  serving  their 
apprenticeship.  The  resolution  should  deal  with  everybody  of 
16  years  of  age. 

Dr.  H.  S.  Hele-Shaw  (Member  of  Council)  said  he  desired  to 
suggest  another  addition,  namely,  the  words,  "  with  power  to  add 
to  their  number."  He  desired  to  see  Associate  Members  on  the 
Committee  as  well. 

The  Chairman  then  put  the  Resolution  to  the  Meeting  in  the 
usual  manner,  and  declared  it  to  be  carried  nem.  con.  (The  revised 
By-law  3,  adopted  by  the  above  Resolution,  will  be  found  in  the 
Appendix  to  these  Proceedings,  at  page  253.) 


The  Acting  Secretary  reported  that  the  Ballot  Lists  for  the 
election  of  Officers  for  the  present  year  had  been  opened  by  a 
Committee  of  the  Council,  and  that  the  following  were  found  to  be 
duly  elected : — 

President. 
Captain  H.  Riall  Sankey,  C.B.,  R.E.,  ret.,    .     London. 

Vice-Presidents. 

Sir  Robert  A.  Hadfield,  Bart.,  D.Sc,  D.Met., 

F.R.S., Sheffield. 

The  Right  Hon.  Lord  Weir,  P.C,  D.Sc,       .     Glasgow. 
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Members  of  Council. 

KicnARD  VV.  Allkn,  C.B.E., 

Sir  George  J.  Carter,  K.B.E.,     . 

H.  S.  Hele-Suaw,  LL.D.,  D.Sc,  F.R.S., 

Christopher  W.  James, 

Donald  B.  Morison,    .... 

Sir  Vincent  L.  Raven,  K.B.E.,     . 


JJodford. 

Birkenhead. 

London. 

London. 

Hartlepool. 

Darlington. 


The  Council  for  the  present  year  is  therefore  as  follows : — 

President. 
Captain  H.  Riall  Sankey,  C.B.,  K.E.,  ret.,    .     London. 

Past-Presidents. 
Sir  John  A.  F.  Aspinall,  M.Eng., 


Edward  Hopkixson,  D.Sc,  M.P.,  . 


London. 
Manchester. 


Sir  Alexander  B.  W.  Kennedy,  LL.D.,  F.R.S.,  London. 

Michael  Longridge,  .....  London. 

William  H.  Maw,  LL.D.,     ....  London. 

E.  Windsor  Richards,         ....  Caerleon. 

W.  Cawthorne  Unwin,  LL.D.,  F.R.S.,   .  .  London. 

Vice-Presidents. 

William  H.  Allen,     .....  Bedford. 

Hbnry  Davey,    ......  Ewell. 

Sir  Robert  A.  Hadfield,  Bart.,  D.Sc,  D.Met., 

F.R.S., Sheffield. 

J.  Rossiter  lloYLE,     .....  Sheffield. 

Mark  H.  Rouinson,     .....  London. 

The  Right  Hon.  Lord  Weik,  P.C,  D.Sc,        .  Glasgow. 

Members  of  Council. 

Daniel  A  damson,         .....  Hyde. 

Richard  W.  Allen,  C.B.E.,  .  .  .  Bedford. 

Sir  George  J,  Carter,  K.B.E.,     ,         .         .  Birkenhead, 
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Professor  William  E.  Dalby,  F.R.S., 

John  Dewrance, 

Sir  Henry  Fowler,  K.B.E., 

H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S 

George  Hughes, 

Henry  A.  Ivatt, 

Christopher  W.  James, 

Donald  B,  Morison,    . 

Sir  Gerard  A.  Muntz,  Bart., 

Eng,   Vice-Admiral    Sir    Henry 

K.C.B.,  F.R.S.,     . 
William  H.  Patchell, 
Sir  Vincent  L.  Raven,  K.B.E., 
William  Reavell, 
George  R.  Sharpley',  . 
William  Taylor,  O.B.E,, 
Richard  Williamson, 
Wilson  Worsdell, 

{One  vacancy  to  hejilled 


London, 

London. 

Derby. 

London. 

Horwicb. 

HajTvard's  Heath. 

London. 

Hartlepool. 

Birmingham. 


Oram, 


London. 
London. 
Darlington. 
Ipswich. 
Lincoln. 
Leicester. 
Workington. 
.     Ascot. 
in  March.) 


The    Chairman    then    read    the    following    letter    from    Dr. 
Hopkinson,  dated  19th  February  : — 

"  Dear  Vice-President, 

In  presiding  at  the  Annual  General  Meeting  to-morrow  you  will  relieve 
me  of  the  last  of  the  official  duties  which  pertain  to  the  high  office  to  which 
I  was  elected  a  year  ago.  Ill-health,  which  prevented  me  from  being  present 
on  that  occasion,  subsequently  frequently  interfered  with  my  attendance  at 
the  Institution,  and  since  October,  under  peremptory  medical  advice,  I  have 
been  precluded  from  being  present  at  any  of  the  General  Meetings.  It  is 
fitting  that  I  should  take  this  opportunity  of  asking  you  to  express  to  the 
members  my  great  regret  that  circumstances  should  have  thus  prevented  me 
from  discharging  many  of  my  duties  as  President,  and  to  thank  you  and 
others  of  my  Colleagues  for  taking  my  place.  Although  during  my  term  of 
office,  coinciding  with  the  transition  from  War  to  Peace,  it  has  been 
inadvisable  to  revive  some  of  the  usual  annual  fixtures,  the  Summer  Meeting, 
the  Annual  Dinner,  and  the  Conversazione,  I  am  glad  that  during  the  coming 
year  we  shall  be  able  to  revert  to  our  former  arrangements  in  all  these 
matters.    But  in  other  respects  the  year  has  been  one  of  marked  activity. 
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The  increase  in  membership  has  been  notable.  The  Papers  road  have  been 
of  unusual  merit  and  interest,  and  the  Council  havo  had  under  consideration 
many  plans  for  increasing  the  usefulness  and  extending  the  influence  of  the 
Institution,  some  of  which  are  embodied  in  the  revised  Articles  and  By-lav78 
submitted  to  you. 

Had  I  been  present,  it  would  have  boon  my  duty  formally  to  vacate  the 
Chair  and  to  introduce  ray  successor.  Captain  Sankoy.  It  will  bo  a  lasting 
regret  to  me  that  I  am  denied  the  privilege  of  doing  so.  Few  engineers  are 
better  known  in  the  profession  either  to  older  men,  my  contemporaries,  or  to 
our  younger  members,  than  Captain  Sankey.  His  sound  and  wide  knowledge 
of  Mechanical  Engineering,  both  professionally  and  industrially,  his  energy 
and  resource  and  his  unfailing  consideration  for  others  mark  him  as 
pre-eminently  fitted  to  bo  President  of  the  Institution.  It  is  a  profound 
satisfaction  to  me  that  I  hand  over  my  office  to  a  successor  who,  I  doubt  not, 
will  make  good  much  that  most  unwillingly  I  havo  loft  undone." 

Yours  sincerely, 

Edward  IIoi'kinson. 

Oiptiiin  n.  RiALL  Sankey,  C.B,,  R.E.,  ret,,  then  took  the 
Pre.sidential  Chair,  amidst  applause. 

The  President  thanked  the  Meeting  most  sincerely  for  the  way 
in  which  it  had  received  his  election,  and  the  Institution  generally 
for  having  elected  him  to  what  was  in  reality  the  highest  honour 
to  which  a  Mechanical  Engineer  could  aspire.  He  felt  the  great 
responsibility  of  his  post  and  doubtless  he  would  have  very  hard 
work  in  front  of  him  during  the  year  in  carrying  out  the  By- 
laws, some  of  which  had  been  passed  that  evening  and  others  of 
which  he  hoped  would  be  passed  at  the  adjourned  Meeting. 

Mr.  Michael  Longridge  (Past- President)  said  the  privilege  of 
moving  a  vote  of  thanks  to  the  retiring  President  had  generally 
fallen  to  the  senior  Past-President  present.  That  evening,  however, 
the  privilege  had  been  accorded  to  him,  and  he  thought  he  had 
some  claim  to  it,  because,  being  the  junior  Past-President  and 
therefore  Dr.  Hopkinson's  immediate  predecessor  in  the  Chair,  he 
had  been  perhaps  in  closer  touch  with  him  than  the  Past- Presidents 
who  were  his  seniors.  Also  Dr.  Hopkinson  was  a  Manchester 
man,  and  as  he  (Mr.  Longridge)  had  spent  a  large  part  of  his  life. 
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something'  over  thirty  years,  in  Manchester,  he  had  a  fellow-feclinf,' 
for  Dr.  Ilopkinson  which  made  him  realize  very  keenly  the 
immensity  of  the  disappointments  which  Dr.  Hopkinson  experienced 
in  the  past  year.  Some  of  the  members  might  be  inclined  to 
measure  Dr.  Hopkinson's  interest  in  the  Institution  by  the  number 
of  his  appearances  at  the  General  Meetings  and  to  think  that, 
because  he  had  been  so  seldom  present,  he  had  taken  very  little 
interest  in  the  Institution.  Appearances  were  very  deceitful,  and 
if  such  an  impression  were  held  it  was  quite  untrue.  Throughout 
the  year  Dr.  Hopkinson  had  taken  the  keenest  interest  in  the 
aflfairs  of  the  Institution  and  had  continued  to  assist  it  with  his 
counsel  and  advice.  The  Council  was  very  much  indebted  to  him, 
although  he  had  not  been  pi-esent  very  often,  and  it  would  be  a 
gi'eat  pity  if  any  member  left  the  room  with  the  idea  that 
Dr.  Hopkinson  had  not  done  absolutely  as  much  as  it  had  been 
possible  for  him  to  do,  and  more  than  he  ought  to  have  done  if  he 
had  had  regard  only  to  his  own  health.  No  doubt  the  Institution 
had  been  a  loser  by  the  President's  absence.  But  while  the 
members  might  regret  their  loss,  they  ought  to  consider  also  what 
his  had  been — a  man  who  had  spent  the  whole  of  his  life  in 
mechanical  engineering  and  who  was  about  to  reap  the  harvest  he 
had  sown,  who  had  been  elected  to  the  Presidency  of  The  Institution 
of  Mechanical  Engineers  and  at  the  same  time  Member  of 
Parliament  for  the  constituency  in  which  his  works  were  situated, 
and  then,  at  the  very  moment  when  he  stretched  out  his  hand  to 
grasp  the  prize,  it  was  taken  from  him  by  illness.  It  must  have 
been  an  immense  disappointment.  While  the  members  would,  he 
was  sure,  thank  Dr.  Hopkinson  for  what  he  had  done  for  them,  he 
thought  they  would  also  wish  to  send  him  a  message  sympathizing 
with  him  in  his  great  disappointment  and  expressing  their  earnest 
desire  for  his  rapid  recovery  of  health,  strength,  and  activity. 

Dr.  William  H.  Maw  (Past- President),  in  seconding  the  motion, 
said  he  was  extremely  glad  that  the  task  of  proposing  the  vote  of 
thanks  had  been  undertaken  by  Mr.  Longridge,  as  Mr.  Longridge 
had  had  an  exceptionally  intimate  knowledge  of  Dr.  Hopkinson's 
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(jualifications,  and  also  of  the  extreme  interest  he  had  taken  in  the 
Institution  during  tlie  term  of  his  Presidency.  It  had  been  a  groat 
loss  to  the  Institution  that  the  members  had  been  deprived  of  his 
prOvsence  at  the  Meetings  during  the  past  Session,  but  it  was  a  still 
greater  loss  to  Dr.  llopkinson  that  he  had  been  prevented  from 
attending.  He  knew  ])r.  llopkinson  had  felt  it  very  keenly 
indeed  and  he  (Dr.  Maw)  was  certain  that  the  sympathy  of  every 
member  of  the  Institution  would  go  forth  to  him  under  the 
circumstances  to  which  Mr.  Longridge  had  alluded. 

The  Resolution  was  then  put  and  carried  by  acclamation. 

INIr,  LoNGUiDGE  said  he  would  like  to  add  one  word  to  what  he 
had  already  said.  He  desired  to  ask  the  Meeting  to  express  the 
thanks  which  they  all  felt  were  due  to  the  Vice-Presidents  who  had 
occupied  the  Chair  in  Dr.  llopkinson's  absence.  They  liad  had  to  do 
much  of  the  President's  work  without  the  honour  and  glory  attached 
to  the  office,  and  also  without  the  numerous  invitations  to  dinner 
which  the  President  generally  I'eceived !  He  hoped  the  Meeting 
would  pass  a  vote  of  thanks  to  them  for  their  services  in  the  Chair, 
for  he  was  sure  it  would  be  valued. 

Dr.  H.  S.  Hele-Shaw  said  he  desired  to  add  a  word,  and  he 
was  sure  his  friend,  Mr.  Patchell,  would  give  way  to  him  in  the 
matter.  The  present  Meeting  was  a  very  human  one.  It  was  the 
Annual  General  Meeting,  and  the  members  seemed  to  come  far 
closer  together  than  they  did  at  the  Ordinary  General  Meetings. 
He  desired  to  add  something  to  what  Mr.  Longridge  had  said. 
The  Institution  had  had  to  look  to  Mr.  Robinson  for  his  assistance 
in  many  matters,  and  .specially  for  his  great  knowledge  of  finance. 
He  (Dr.  Hele-Shaw)  happened  to  be  on  the  Finance  Committee, 
and  it  was  a  great  pleasure  to  him  to  be  able  to  say  that  Mr. 
Robinson  had  put  the  finances  of  the  Institution  on  a  splendid 
business  footing.  He  had  secured  the  best  investment  of  their 
funds,  including  the  sum  received  for  the  rent  of  the  building 
during  the  War.  The  members  owed  a  groat  debt  to  Mr.  Robinson 
for  h'lii  valuable  serviws, 
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Then,  if  he  had  the  permission  of  the  President  to  do  so,  he 
desired  to  couple  with  the  vote  the  name  of  their  Secretary,  who 
was  now  laid  aside  by  ill  heath.  Mr.  Worthington  ought  to  have 
been  present  that  evening  and  his  absence  had  been  another 
difficulty.  He  hoped  the  members  present  would  appreciate  that 
Mr.  Worthington's  chief  assistant  had  been  suddenly  called  upon 
to  perform  a  difficult  task.  The  Council  deplored  the  breakdown 
in  health  of  Mr.  Worthington,  which  he  thought  had  been  largely 
caused  by  his  devotion  to  the  work  at  the  Institution.  During 
the  twenty-two  years  that  Mr.  Worthington  had  served  the 
Institution,  he  had  made  no  distinction  in  careful  attention 
between  the  youngest  member  and  any  Member  of  the  Council. 
All  had  had  a  cordial  welcome  from  him.  He  had  proved  to  be  a 
gentleman  in  every  sense  of  the  word,  and  he  (the  speaker)  was  sure 
the  Meeting  would  wish  to  send  to  him  the  expression  of  its  hope 
that  he  would  soon  be  restored  again  to  health  and  strength.  He 
begged  to  second  the  resolution. 

Mr.  Mark  Romxsox  thanked  Dr.  Hele-Shaw  for  what  he  had 
said  about  Mr.  Worthington.  No  one  knew  better  than  the 
Chairman  of  the  Finance  Committee  how  much  the  Institution 
owed  to  Mr.  Worthington,  and  how  truly  he  had  spent  himself  in 
the  work  of  the  Institution.  He  would  take  it  upon  himself  to 
convey  to  Mr.  Worthington  the  Meeting's  appreciation  of  his 
services  and  of  the  manner  in  which  he  was  quite  sure  the 
resolution  was  going  to  be  received.  With  regard  to  himself,  who 
seemed  to  be  covered  by  the  resolution  also,  it  was  only  very  small 
things  that  any  one  in  his  position  could  do.  However,  he  was 
thankful  to  Mr.  Longridge  as  well  as  to  Mr.  Patchell  and  Dr.  Hele- 
Shaw  for  the  very  kind  way  in  which  they  had  spoken  of  his  small 
efforts  as  one  of  the  Vice-Presidents.  As  his  friend  Mr.  Davey, 
the  senior  Vice-President,  was  not  present,  he  would  thank  them 
in  his  name  as  well  as  his  own. 

The   Presidext    said    before    putting    the   resolution    to    the 
Meeting  he  would  like  to  add  his  testimony  to  Mr.  Worthington's 
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(jUiilifR'atioiis.  There  was  no  doubt  whatever  that  Mr.  Worthington 
had  been  a  most  excellent  Secretary,  and  the  Council  deplored  bis 
breakdown  in  health.  But  they  hoped  to  see  Mr.  Worthington 
back  ere  long  helping  them  at  their  Summer  Meeting.  Mr. 
Worthington,  as  the  members  knew,  was  a  past  master  at  that 
sort  of  thing,  and  it  was  to  be  hoped  that  they  would  have  his 
services  for  that  occasion.  He  tnisted  tliat  Mr.  Longridge  would 
adopt  the  additions  which  Dr.  Hele-Shaw  had  proposed  to  the 
resolution. 

Mr.  LoxGiiiDQE  said  ho  would  decidedly  accept  them. 

Tho  IJosolution  was  then  put  and  .carried  by  acclamation. 


Major  P.  J.  CowAX  moved  : — 

"Tliat  Mr.  Raymond  Crane,  F.C.A.,  46,  and  47,  London 
Wall,  London,  be  re.appointed  to  audit  the  accounts  of 
the  1  nstitution  for  the  present  year  at  the  remuneration 
of  Eighty  Guineas." 

He  explained  that  the  increased  fee  was  in  accordance  with  the 
new  scale  of  charges  authorized  by  The  Institute  of  Chartered 
Accountants,  and  it  had  been  approved  by  the  Finance  Committee 
of  the  Institution. 

Mr.  Basil  Joy  seconded  the  motion,  which  was  carried 
unanimously. 


Tlie  President  said  that  the  discussion  on  the  alteration  of 
the  By-laws  not  having  been  concluded  that  evening,  the  Annual 
General  Meeting  would  be  adjourned  to  the  5th  of  March  at  6.0  p.m., 
when  the  further  con.sideration  of  the  alteration  of  the  By-laws  as 
proposed  by  the  Council,  and  the  amendments  thereto  proposed  by 
the  members,  would  be  resumed. 
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The  Discussion  on  Mr.  Bergstrom's  Paper  on  "  Recent  Advances 
in  Utilization  of  Water-Power"  was  resumed,  and  subsequently 
adjourned  to  Friday,  5th  March 


The  Meeting  was  adjourned  at  a  Quarter  to  Eight  o'clock.    The 
attendance  was  157  Members  and  65  Visitors. 


The  Adjourned  Annual  General  Meeting  was  held  at  The 
Institution,  London,  on  Friday,  5th  March  1920,  at  Six  o'clock  p.m. ; 
Captain  H.  P«,iall  Sankey,  C.B.,  K.E.,  ret..  President,  in  the  Chair. 


The  President  announced  that  the  following  five  Ti-ansferences 
had  been  made  by  the  Council : — • 


Associate  Members  to  Memhers. 


Hewitt,  Arnold  Ernest,    . 
MiLLiNGTON,  William  Ernest  W*yatt. 
Pearsall,  Ralph  Howard, 
Slater,  Ernest, 
Smyth,  John  McFall, 


Bradford. 

Manchester. 
Birmingham. 
London. 
London. 


Alteration  of  By-laws. 

The  President  said  he  now  had  to  ask  the  members  to  consider 
the  suggested  altei-ations  of  By-laws,  and  the  new  By-laws.  He 
reminded  the  Meeting  that  By-laws  1,  2,  and  .3  were  passed  at  the 
Meeting  held  a  fortnight  ago.  By-laws  10,  11,  12,  13,  and  16, 
dealing  with  Entrance  Fees  and  Subscriptions,  would  now  be  put 
before  the  Meeting.  Mr.  Thompson  desired  to  move  an  amendment, 
but,  before  asking  him  to  do  so,  he  pointed  out  that  the  necessity 
for  the  increase  of  Subscriptions  arose  from  the  fact  that,  with  the 
present  income,  it  would   be   ditiicult,  if  not  impossible,  for   the 
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Institution  to  meet  the  extra  expenditure  which  must  be  incurred 
in  view  of  the  greater  cost  of  everything  at  the  present  time. 
Fm-ther,  the  proposed  Subscriptions  wore  less  than  those  of  other 
Institutions. 

Mr.  G.  \V.  Thompson  said  he  desii'ed  to  mention  in  the  fir-st 
place  that  it  was  a  source  of  great  pleasure  to  him  to  see  Captain 
Sankey  in  the  Presidential  Chair.  Those  who  were  present  at  the 
previous  Meeting  might  remember  that,  after  a  long  explanation  of 
the  proposed  new  By-laws  by  the  Chairman,  Mr.  Mark  Robinson, 
and  two  other  Members  of  the  Council,  he  had  attempted  to  call 
attention  to  the  proposed  increases  of  Subscriptions  and  Entrance 
Fees,  but  had  been  told  that  he  would  be  out  of  order  in  discussing 
these  matters  at  thfe  time,  but  would  have  an  opportunity  of  doing 
so  when  the  By-laws  relating  to  them  came  before  the  Meeting  for 
discussion.  This  time  had  now  come  and  he  proposed  to  move  the 
amendments  which  stood  in  his  name.  Mr.  Mark  Robinson  in  his 
remarks  had  told  the  Meeting  that  there  was  a  possibility  of  the 
Institution's  expenditure  being  more  than  the  receipts  to  the 
extent  of  about  j£  1,500,  and  that  that  was  one  cause  of  the  Council 
.asking  for  increased  Subscriptions  and  Entrance  Fees.  When 
analysing  such  a  statement  they  should  consider  what  the  proposed 
new  By-law  meant,  and  what  would  be  the  increase  of  revenue  if  it 
were  carried.  He  had  therefore  got  out  a  tabulated  statement  of 
the  numbers  in  each  of  the  several  classes  of  members,  as  stated  in 
the  Annual  Report  for  1919,  and  on  multiplying  these  numbers 
by  the  proposed  increases  of  subscriptions  had  found  that  the  sum 
which  would  be  realized  by  the  suggested  increases  would  be 
X4,782  10s.  lie  thought  it  was  beyond  comprehension  that  the 
Council  should  endeavour  to  extract  such  an  amount  from  members 
without  any  explanation.  He  would  reserve  further  comment  on 
that  point  for  a  few  moments.  He  moved  the  following 
amendments  to  the  alterations  proposed  by  the  Council  in  By-laws 
10  to  13:— (1)  After  the  heading  "Entrance  Fees  and 
Subscriptions  "  to  add  the  words  "  of  Members,  Associate  Members, 
Graduates,  and  Associates  elected  after  31st  December  1920';  (2) 
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After  By-law  16  a  new  heading  should  be  inserted,  i.e. :  *'  Entrance 
Fees  and  Subscriptions  of  Members,  Associate  Members,  Graduates, 
and  Associates,  elected  on  or  before  31st  December  1920";  and  (3) 
The  addition  of  a  new  By-law  "16  (a):  The  Subscriptions  and 
Entrance  Fees  of  Members,  Associate  Members,  Graduates,  and 
Associates,  elected  prior  to  31st  December  1920,  shall  be  those  set 
out  in  the  By-laws  as  revised  in  February  1916."  If  these 
amendments  were  adopted  and  the  number  of  new  members 
enrolled  in  future  years  were  the  same  as  in  1919,  he  calculated  the 
revenue  of  the  Institution  would  be  increased  by  £1,540  per  annum. 
The  purpoi't  of  his  amendment  was  to  bring  before  the  notice  of 
the  members  that,  on  account  of  the  Institution's  resources  of 
income,  there  was  no  necessity  to  raise  the  Subscriptions  of  its 
present  members.  In  suppoiii  of  his  contention  he  would  bring 
under  the  observation  of  those  present  the  following  Table  giving 
the  total  roll  of  all  members,  the  amount  of  receipts  over 
expenditure  and  the  net  capital  as  returned  by  the  Accountants, 
which  were  as  follows : — 


Year. 

All  Classes. 

Receipts  over 
Expenditure. 

£      s.     d. 

Net  Capital. 
£         s.    d. 

Salaries  and 
Wages. 

£      s.    d. 

1913 

6,346 

3,686  17    0 

67,914    6    2 

3,696  17    6 

1914 

6,400 

1,449    6    8 

69,273    5    4 

4,088  13    2 

1915 

6,319 

7,739  16     4 

76,373    9    9 

4,132  11     2 

1916 

6,247 

9,815    2    9 

75,691  12    6 

4,319  14     5 

1917 

6,306 

164  11     2 

66,503    9    2 

4,461  11    0 

1918 

6,489 

3,461    6    3 

70,619  15     5 

5,161  19  10 

1919 

6,859 

/  A  deficit  of  i 
\2,158  17    5/ 

69,563    8    0 

5,830    9  11 

Those   figures   showed   an   income   over   expenditure   for   the   six 
years   ^913  to  1918  inclusive  amounting  to  .£26,317  Is.  2d.,  and 

R 
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gava  an  average  of  £i,l)SC>  5«.  per  year.*  There  was  also  an 
increase  of  oipital  account,  and  there  were  also  other  investments, 
«vich  as  those  in  War  Loans,  all  of  which  would  take  considerable 
time  to  explain,  but  when  there  was  an  accredited  amount  of 
£4,386  5s.  Od.  over  expenditure,  as  certified  by  the  Auditors,  he 
failed  to  see  why  the  existing  members,  etc.,  should  be  penalized 
in  any  degree.  There  were  many  in  the  Institution  who  were 
not  in  such  affluent  circumstsinces  as  Members  of  the  Council, 
but  who  had  contributed  their  respective  subscriptions  for  a  great 
number  of  years.  He  thought  that  by  all  means  new  members 
should  pay,  but  that  it  would  be  an  injustice  to  penalize  old 
members,  as  the  Council's  recommendations  proposed.  Again, 
when  a  man's  income  fell  far  below  his  expenditure,  he  had  to 
retrench,  as  it  was  commonly  called,  by  giving  up  something. 
Similarly  in  the  Institution  expenditure — if  it  had  not  the  means 
it  wanted,  it  should  put  up  with  what  it  had  and  make  a  start  with 
retrenchment. 

He  wished  to  call  attention  to  the  annual  loss  of  membership 
shown  by  the  Council's  Annual  Reports  in  some  years,  almost 
equivalent  to  the  members  that  joined.  In  the  years  1915  and  1916 
the  deductions  were  greater  than  the  elected  members,  etc. — no 
doubt  due  to  the  War.  He  did  not  know  the  reason  of  these  losses, 
but  they  might  te  due  to  the  Institution  not  being  attractive  enough 
or  to  its  academic  discussions  not  meeting  with  the  approval  of 
the  members.  Further,  he  observed  that  the  receipts  for  1918 
amounted  to  .£22,723  15s.  7d.,  and  that  the  amount  for  salaries  and 
wages  was  .£5,161  19s.  lOd.,  equivalent  to  about  22^  per  cent. 
He  thought  the  members  of  the  Institution  ought  to  know  how 
many  salaried  officials  and  wage  earners  were  employed,  what  their 
respective  duties  were  and  what  their  respective  emoluments  were 


*  The  Council  think  it  right  to  point  out  that  for  the  years  1915-1919, 
both  inclusive,  «ums  amounting  uu  the  average  to  4:5,^83  per  annum  wore 
received  from  the  Government  for  the  use  of  the  Institution  House.  The 
Institution  having  regained  possession  of  its  House,  these  additions  to  its 
revenue  now  cease.  The  amount  received  each  year  will  be  found  in  the 
Council's  Annual  Report. — SECREXARy,  I.Mech.E. 
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for  carrying  on  the  Institution.  His  remarks  were  not  an 
impeachment  of  the  officials,  but  the  return  of  such  an  item  was, 
he  thought,  rather  vague  and  he  hoped  it  would  be  remedied  in  the 
future.  Since  getting  out  the  figures  he  had  quoted,  he  noted  that 
for  1919  the  receipts  were  £22,683  14«,  5d.,  and  salaries  and  wages 
amounted  to  £5,830  9«.  Ud.  As  to  the  deficit  of  £2,158  17«.  5d. 
for  1919,  that  to  his  mind  was  brought  about  by  placing  on  the 
debit  side  such  large  amounts  as  the  following : — Debenture 
Redemption  Sinking  Fund,  £3,000,  Staft'  Pension  Fund,  £1,000, 
and  General  Reserve  £3,000.  He  was  quite  aware  that  provision 
had  to  be  made  for  such  items,  but  why  not  let  the  respective 
amounts  be  in  accordance  with  income?  According  to  the 
published  return,  the  investments  of  the  General  Reserve  Fund 
made  by  the  Council: — in  London  and  North  Western  Railway 
3  per  cent  Debenture  stock.  Midland  Railway  2^  per  cent 
Debenture  Stock,  Metropolitan  Water  Board  3  per  cent  Debenture 
Stock,  London  County  Council  3^  per  cent  Debenture  Stock,  and 
London  and  South  Western  Railway  3  per  cent  Debenture  Stock, 
had  cost  the  Institution  £15,821  2s.  8d.  The  market  price  of 
those  investments  which  was  recorded  in  the  Annual  Report  for 
1919  (page  19)  was  £9,286  18s.  2d.,  and  therefore  showed  a 
depreciation  of  £6,542  4s.  6d.  He  thought  the  members  of  the 
Institution  ought  to  be  enlightened  on  such  an  amount  of 
depreciation.  As  to  the  Debentures  of  the  Institution,  they  stood 
at  £34,025,  and  the  annual  interest  was  £1,361.  He  would  be 
glad  to  know  when  those  Debentures  were  to  be  redeemed.  He 
thought  it  would  have  been  advisable  to  reduce  this  amount  out  of 
income.  By  way  of  summing  up  his  remarks,  he  asked  those 
present  to  support  the  amendments  which  he  now  submitted  for 
their  consideration,  if  the  remarks  he  had  made  met  with  their 
approbation.  Then  the  By-laws  that  were  afiected  could  be 
amended  accordingly.  Needless  to  say,  the  Institution  was  all 
that  was  worthy  of  it,  but  what  was  wanted  was  more  publicity. 
In  conclusion  he  wished  to  say  that  his  remarks  were  entirely 
without  prejudice  or  impeachment  in  any  degree  of  the  Council's 

R  2 
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reconimendationH.      The  object  he  had  in  his  iniud  was  that  the 
Institution  should  benefit  by  the  collective  labours  of  its  members. 

The  President  inquired  whether  any  Member  would  second 
Mr.  Tliompson's  amendments. 

No  seconder  being  forthcoming,  the  President  announced  that 
the  amendments  fell  to  the  ground.  Another  amendment  by 
Mr.  G.  W.  Bonney  in  respect  of  By-law  10  of  which  notice  had 
been  given,  was  not  brought  forward,  and  the  President  then  put 
the  original  Resolution  (confirming  the  Council's  proposed 
alterations)  to  the  Meeting  in  the  usual  manner. 

Mr.  P.  R.  Jones  seconded  the  Resolution,  which  was  then  put 
and  was  declared  by  the  President  to  be  carried. 

(The  revised  By-law  10,  adopted  by  the  above  Resolution,  will 
be  found  in  the  Appendix  to  these  Proceedings  at  page  254.) 


The  President  called  upon  Mr.  G.  W.  Bonney,  who  had  given 
notice  of  an  amendment  to  the  Council's  proposed  By-law  1 1 ,  to 
move  it. 

No  amendment  being  moved,  the  President  formally  moved 
the  adoption  of  By-law  11. 

Mr.  E.  W.  MONKHOUSE  seconded  the  Resolution,  which  was  put 
to  the  Meeting  in  the  usual  manner,  and  was  declared  by  the 
President  to  be  carried. 


The  President  moved  "  That  the  alterations  proposed  by  the 
Council  in  By-law  12,  as  shown  in  the  paper  which  had  been 
distributed  to  the  Members,  be  approved  and  adopted." 

Mr.  E.  W.  MoNKHOusE  seconded  the  Resolution,  which  was  put 
to  the  Meeting  in  the  usual  manner,  and  was  declared  by  the 
President  to  be  carried,  only  one  member  voting  against  it. 
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The  President  announced  that  Mr.  E.  G.  Walker  had  given 
notice  of  an  amendment  to  the  Council's  proposed  By-law  13. 

Mr.  E.  G.  Walker  being  absent,  the  President  said  that  the 
amendment  fell  to  the  ground,  and  he  formally  moved  the  adoption 
of  the  alterations  proposed  by  the  Council  in  By-law  13. 

Mr.  J.  H.  Hyde  seconded  the  motion,  which  was  then  put  to 
the  Meeting  in  the  usual  manner,  and  declared  by  the  President 
to  be  carried,  only  one  member  voting  .against  it. 


The  President  said  that  a  new  By-law,  No.  13a,  had  been 
suggested  by  Engineer  Lieut. -Commander  S.  H.  Dunlop,  and  he 
called  upon  him  to  move  it,  namely :  "  Provided  always  that 
Members,  Associate  Members,  and  Associates,  who  for  the  time 
being  are  Officers  in  His  Majesty's  Navy  and  are  serving  in 
sea-going  ships  of  the  Royal  Navy,  shall  for  the  purposes  of 
By-laws  10,  11,  and  13,  be  deemed  to  be  not  resident  in  the 
United  Kingdom." 

Engineer  Lieut.-Commander  Dunlop  being  absent,  the  suggested 
new  By-law  fell  to  the  ground. 


The  President  moved  "  That  the  alterations  proposed  by  the 
Council  in  By-law  16,  as  shown  in  the  paper  which  had  been 
distributed  to  the  members,  be  approved  and  adopted." 

Mr.  LouGHNAN  Pendred  seconded  the  Resolution,  which  was 
then  put  and  declared  by  the  President  to  be  carried  nem.  con. 


The  President  said  that  By-laws  19,  20,  21,  22,  23,  and  25 
related  to  the  election  of  Members,  Associate  Members,  Graduates, 
and  Associates,  and  Transferences.  By-laws  19,  20,  and  21  had  to 
do  with  the  Forms  of  Application.     Experience  showed  that  the 
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present  Forms  did  not  elicit  the  information  the  Council  required 
in  ascertaining  the  qualifications  of  applicants,  but  they  could  not 
be  altered  owing  to  the  By-laws.  The  efiect  of  the  suggested 
alterations  was  to  allow  the  Council  to  modify  the  Forms  when 
and  as  required.  He  formally  moved :  "  That  the  alterations 
proposed  by  the  Council  in  By-law  19  be  approved  and  adopted." 

Mr.  C.  E.  Parish  seconded  the  Resolution,  which  was  put  to 
the  Meeting  in  the  usual  manner,  and  was  declared  by  the 
President  to  be  carried  ne.vi.  con. 


The  President  said  that  the  proposed  new  By-laws  20,  21,  and 
22  had  reference  to  the  way  in  which  the  applications,  after  passing 
the  Council,  should  be  submitted  to  the  members.  It  had  been 
found  that  only  about  10  per  cent  of  the  ballot  papers  which  were 
issued  were  returned,  and  he  was  told  that  in  no  case  had  a 
candidate  been  rejected  by  the  ballot  ever  since  the  Institution 
was  founded.  The  present  method  was  therefore  evidently 
ineffective.  On  the  other  hand,  recently  on  two  occasions 
information  had  been  sent  to  the  Council  after  the  opening  of 
the  ballot  papers,  which  if  sent  before  would  have  been  of  extreme 
value,  and  the  object  of  the  new  By-laws  was  to  meet  such  cases. 
No  amendment  had  been  suggested  to  the  proposed  By-law  20  and 
he  therefore  moved  its  adoption. 

Mr.  J.  G.  Moon  seconded  the  Resolution,  which  was  then  put 
to  the  Meeting  in  the  usual  manner,  and  was  declared  by  tlie 
President  to  be  carried  nem.  con. 


The  President  said  that  Mr.  E.  G.  Walker  had  given  notice  of 
an  amendment  to  the  Council's  proposed  By-law  21,  namely,  to 
add  at  the  end  the  words :  "  and  such  communications  shall  be 
treated  by  the  Council  as  confidential,"  and  he  cjiUed  upon  him  to 
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move  it.  (Mr.  Walker  was  not  present).  Although  Mr.  Walker 
was  not  present,  he  thought  it  would  be  well  for  the  Meeting  to 
hear  what  the  Solicitor's  opinion  was  of  the  suggested  amendment, 
which  was  to  the  effect  that  the  information  received  by  the 
Council  under  By-law  21  should  be  treated  as  confidential.  He 
would  ask  the  Secretary  to  read  the  Solicitor's  opinion  on  the 
point. 

The  Acting  Secretary  read  the  following  letter : — 

IG  Great  George  Street, 

Westminster,  S.W. 

3rd  March  1920. 
Dear  Sir, 

Revision  of  By-laws. 

With  reference  to  your  letter  of  yesterday. 

In  our  view  the  addition  proposed  by  Mr.  E.  O.  Walker  to  the 
New  By-law  21  is  unnecessary  and  also  undesirable  in  the  interests  of 
Candidates  and  applicants  for  transfer. 

The  well-known  rules  of  law  with  regard  to  libel  and  the 
communication  of  information  on  privileged  occasions  (and  this 
investigation  by  the  Council  in  accordance  with  their  duty  under  the 
By-law  would  be  a  privileged  occasion)  are  quite  sufficient  to  prevent 
any  improper  or  unnecessary  disclosure  by  the  Council  of  any 
communications  they  receive. 

The  addition  proposed  by  Mr.  Walker,  that  all  such  communications 
shall  be  treated  as  confidential,  would  materially  tie  the  hands  of  the 
Council  in  investigating  the  correctness  or  truth  of  any  statement  of 
fact  or  allegation  which  might  be  made  in  a  communication.  And  in 
some  cases  if  full  investigation  were  prevented,  there  would  be  the 
possibility  of  a  serious  injustice  being  done  to  the  Candidate  or 
applicant. 

Also,  if  the  Council  were  thus  expressly  bound  to  absolute  secrecy, 
the  knowledge  of  this  fact  might  encourage  a  member  who  had  a 
grudge  against  a  Candidate  to  make  imfounded  or  even  malicious 
statements  with  which  the  Council  would  find  it  very  difficult  to  deal. 

Yours  truly, 

(Signed    Bkalb  and  Co. 
E.  Worthinqton,  Esq., 

Secretary, 

The  Institution  of  Mechanical  Engineer?, 

Storey's  Gate,  S.W.  1. 
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The  PRfesitiEKT  formally  moved  the  adoption  of  By-law  21,  as 
shown  in  tho  I'aper  which  had  boon  distributed  to  the  members. 

Mr.  J.  G.  Moon  seconded  the  Resolution,  which  was  then  put 
to  the  Meeting  in  the  usual  manner,  and  was  declared  by  the 
President  to  be  carried  nem.  cou. 


Tlie  President  said  that  no  amendment  had  been  received  to 
the  new  By-law  22,  wliich  was  as  follows  :  "  The  names  of  Candidates 
so  elected  or  transferred  by  the  Council  shall  be  read  at  the  next 
General  Meeting  of  the  Institution,"  and  he  moved  its  adoption. 

Mr.  P.  R.  Jones  said  he  desired  to  speak  against  the  suggested 
By-law,  and  he  hoped  that  the  members  of  the  Institution  would 
support  him  in  the  course  which  he  proposed.  Those  who  attended 
the  Meetings  with  any  degree  of  regularity  must  have  often  been 
in  a  mentally  stressed  condition  when  the  time  came  for  the 
Secretivry  to  read  a  string  of  150  to  200  names — an  incongruous 
mass  of  syllables  meaning  nothing  whatever,  perhaps  only  5  per 
cent  of  the  owners  of  the  names  being  present.  There  was  no 
sense,  in  his  opinion,  in  reading  the  names  at  the  Meetings, 
especially  as  the  members  were,  under  By-law  23,  informed  of 
their  election  or  transference  by  post ;  moreover,  it  involved  the 
expenditure  of  valuable  time,  in  that  it  stood  in  the  way  of 
the  reading  of  a  Paper  or  the  discussion  upon  it.  He  thought 
it  was  necessary  to  make  the  Meetings  more  interesting,  and  to 
dispense  with  the  useless  procedure  proposed.  It  was  necessary 
to  concentrate  on  the  really  profitable  things.  He  hoped  the 
members  would  support  him  in  his  suggestion  that  the  By-law 
should  not  be  passed. 

The  President  remarked  that  the  Council  quite  appreciated 
what  had  been  said  about  the  reading  out  of  the  names,  but  it  was 
always  within  the  power  of  the  Meeting  to  take  the  names  "aR 
read."     The  Council  must,  however,  take  power  in  the  By-law  to 
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do  what  was  suggested.  On  two  or  three  recent  occasions  a  motion 
had  been  moved  that  the  names  shouhl  be  taken  "as  read,"  and 
that  could  be  done  in  the  future. 

Mr.  Jones  said  he  still  considered  that  the  By-law  should  not 
be  passed,  as  he  could  not  see  any  reason  for  it. 

The  President  suggested  that  another  way  out  of  the  difficulty 
would  be  to  post  up  the  names  on  the  notice  board  in  the  Entrance 
Hall. 

Mr.  Jones  said  that  he  would  move  that  as  an  amendment. 

The  President  said  that  it  was  for  the  Solicitor  to  say  whether 
it  was  within  the  power  of  any  member  at  the-  present  moment  to 
move  such  an  amendment.  He  was  not  quite  sure  whether  that 
could  be  done. 

The  Solicitor  said  the  President  could  not  accept  an  amendment 
notice  of  which  had  not  been  previously  given. 

The  President  thought  that  what  Mr.  Jones  really  wanted  w.as 
that  the  By-law  should  be  expunged  altogether. 

Mr.  Jones  replied  in  the  affirmative. 

The  President  said  he  would  formally  move  the  adoption  of 
By-law  22.     Would  some  member  second  it  ? 

Mr.  Michael  Longridge  (Past-President)  explained  that  the 
final  revision  of  the  draft  of  the  new  By-laws  had  been  somewhat 
hurried  in  order  that  notice  of  the  proposed  alterations  might  be 
given  at  the  January  Meeting  of  the  Institution,  in  accordance 
with  the  Articles  of  Association.  Had  the  notice  not  been  given, 
the  adoption  of  the  new  By-laws  must  have  been  postponed  for 
another  year.     Thus  the  word  •*  read  "  to  which  objection  had  been 
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taken  had  escaped  erasure.  Had  the  final  revision  been  less 
Imrried,  the  word  would  undoubtedly  have  been  omitted  or 
qualified  in  such  a  way  as  to  make  the  reading  of  a  long  list  of 
names  at  each  Meeting  unnecessary.  The  new  By-law  could  not 
be  altered  now,  but  as  the  President  had  suggested,  any  member 
could  move  that  tlie  list  be  tjiken  as  read,  and  if  he  carried  his 
motion,  as  he  probably  would,  the  names  of  those  elected  and 
transferred  could  be  posted  on  the  notice  board  for  the  information 
of  any  wlio  might  care  to  look  at  it. 

Mr.  LouGHNAN  Pendred  suggested  that  a  Standing  Order  might 
be  made  to  the  effect  suggested  by  Mr.  Longridge. 

Dr.  H.  S.  Hele-Shaw,  F.R.S.  (Member  of  Council),  said  that 
after  what  Mr.  Longridge  had  just  said  he,  together  with  others, 
could  vote  against  the  By-law.  The  Meeting,  apparently,  wa.s 
in  favour  of  voting  against  the  By-law,  and,  since  the  only  effect 
would  be  that  in  future  the  Council  would  not  be  compelled  to  have 
the  names  read  out,  they  could  do  so  if  the  Meeting  was  in  favour 
of  such  a  course.  The  list  would  always  be  posted  on  the  notice 
board  in  the  Entrance  Hall. 

Mr.  Basil  H.  Joy  said  that  if  the  wording  of  the  By-law  was 
to  the  effect  that  the  names  of  candidates  "shall  be  read,"  the 
names  must  be  read,  whether  the  Meeting  passed  any  resolution 
such  as  had  been  suggested  or  not. 

Mr.  Jones  asked  whether  the  Meeting  was  strictly  in  order  in 
discussing  the  motion,  as  it  had  not  been  seconded. 

The  President  said  the  motion  had  been  seconded  by  Mr. 
Longridge. 

Mr.  Longridge  said  that  he  did  not  second  the  Resolution,  but 
tliat  he  would  do  so  in  order  th.at  the  matter  miojht  be  discussed. 
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Mr.  LouGHNAN  Pendred  asked  whether  the  Meeting  would  be 
within  its  rights  in  moving  that  the  list  be  not  read,  because  the 
wording  of  the  By-law  distinctly  stated  that  the  names  should  be 
read. 

Dr.  H.  S.  Hele-Shaw  said  the  members  need  not  pass  the 
resolution. 

Mr.  William  H.  Patchell  (Member  of  Council)  pointed  out 
that  if  the  list  was  not  read  at  the  Meeting,  it  wOuld  simply  mean 
that  the  candidates  who  had  been  elected  or  transferred  would  not, 
although  present  at  the  Meeting,  be  made  aware  of  that  fact ;  they 
would  have  to  wait  for  the  appearance  of  the  next  Journal. 

Mr.  Joxes  said  that  that  would  not  be  so,  as  the  members  were 
informed  by  post  of  their  Election  or  Transference. 

Mr.  E.  W.  MoNKHOUSE  asked  whether  great  inconvenience 
would  not  be  caused  if  the  By-law  were  omitted.  All  the  members, 
however,  seemed  to  be  of  one  mind  as  to  the  undesirability  of 
reading  out  the  names.  If,  however,  the  defeat  of  the  By-law 
would  create  difficulty,  he  would  suggest  the  adoption  of  the 
proposal  already  made,  namely,  to  leave  the  actual  amendment 
until  the  next  time  the  By-laws  came  up  for  discussion. 

Dr.  Hele-Shaw  understood  that  it  was  legal  for  the  Council  to 
withdraw  the  By-law,  which  would  be  better  than  for  the  members 
to  vote  against  it.  He  therefore  suggested  that  that  course  should 
be  adopted. 

The  President  expressed  some  uncertainty  as  to  the  effect  on 
the  previous  By-laws  of  withdrawing  By-law  22.  As,  however,  it 
was  concerned  only  with  a  means  of  communicating  the  Election  of 
members  or  their  Transference  and  did  not  affect  the  method  of 
Election,  with   the   approval   of   the  remaining   Members   of   the 
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Council,  he  withdrew  tliat  By-law  from  the  consideration  of  the 

Meeting. 

The  remaining  Members  of  Council  present  having  signified 
their  assent,  By-law  22  was  then  withdrawn.  [In  order  not  to 
affect  the  numbering  of  the  By-laws,  the  previous  By-law  will  be 
numbered  21  and  22.] 

The  President  said  that  no  amendments  had  been  received  to 
tlie  new  By-law  23,  and  he  therefore  moved  its  adoption. 

Mr.  Herbert  Clutterbuck  seconded  the  Resolution,  which  was 
then  put  to  the  Meeting  in  the  usual  manner,  and  was  declared  by 
the  President  to  be  carried  nem.  con. 


Tlie  President  said  that  no  amendments  had  been  received  to 
the  new  By-law  25,  and  he  therefore  moved  its  adoption. 

Mr.  G.  W.  Thompson  seconded  the  Resolution,  which  was  put 
to  tlie  Meeting  in  the  usual  manner,  and  was  declared  by  the 
President  to  be  carried  nem.  con. 

The  President  stated  that  no  amendments  had  been  received 
to  By-law  32,  which  dealt  with  the  proceedings  at  the  General 
Meetings,  and  he  moved  its  adoption. 

Mr.  G.  W.  Thompson  seconded  the  Resolution. 

Mr.  P.  R.  Jones  pointed  out  that  the  third  paragraph  of 
By-law  32  would  have  to  be  amended  in  view  of  the  fact  that 
By-law  22  had  been  withdrawn,  inasmuch  as  paragraph  3  said  that 
the  names  should  be  read. 

The  President  said  it  was  open  for  any  member  to  move  the 
deletion  of  that  paragraph. 
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Dr,  H.  S.  Hele-Shaw  moved  that  the  third  paragraph  of 
By-law  32  be  withdrawn. 

The  President  said  the  Council  would  withdraw  the  third 
paragraph  of  By-law  32,  in  view  of  the  fact  that  By-law  22  had 
been  withdrawn. 

The  Resolution  for  the  adoption  of  By-law  32,  with  the  deletion 
of  paragraph  3,  was  then  put  to  the  Meeting  in  the  usual  manner, 
and  was  declared  by  the  President  to  be  carried  ncm.  con. 


The  President  said  the  Meeting  now  had  to  consider  the  various 
new  By-laws  (Nos.  44-48)  in  connexion  with  Local  Branches,  and 
he  would  ask  Mr.  Longridge  shortly  to  explain  to  the  Meeting  their 
meaning ;  but  before  he  did  so  he  (the  President)  would  formally 
move  their  adoption. 

Mr,  Michael  Longridge  (Past- President)  said  that  many 
present  would  remember  the  Manchester  Meeting  in  November 
1913.  The  Meeting  was  held  for  the  special  purpose  of  considering 
the  disabilities  of  country  members  and  devising  means  to  remove 
them.  Broadly  speaking,  the  complaint  of  the  country  members 
was  that  distance  from  London  practically  precluded  them  from 
attending  the  Meetings  of  the  Institution  to  vote  or  take  part  in 
the  discussions  and  from  making  use  of  the  Institution  House 
with  its  reading-room  and  library.  One  of  the  remedies  proposed 
was  the  establishment  of  Local  Sections  of  the  Institution  in  the 
larger  centres  of  Mechanical  Engineering. 

The  proposal  was  carefully  considered,  but  the  Council  was 
unable  to  devise  any  scheme  which  would  enable  the  Institution 
single-handed  to  give  its  country  members  advantages  at  all 
comparable  with  those  enjoyed  by  its  London  members  without 
unduly  burdening  its  finance.  These  advantages  seemed  only 
attainable  by  co-operation  with  other  Institutions  and  Societies 
in  the  localities,  of  which  there  was  then  no  prospect. 

All  the  Council  could  do  at  the  time  was  to  organize  a  scheme 
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for  Local  Meetings  for  the  discussion  of  the  Papei's  read  in  London 
and  to  appoint  Local  Correspondents  to  make  the  necessary 
ari-angements.  The  scheme  had  proved  fairly  successful  in 
operation,  and  the  discussions  at  the  Local  Meetings  had  added 
to  the  value  of  the  Proceedings  of  the  Institution.  But  it  was 
evident  that  more  was  needed,  for  the  Manchester  Meeting  was 
followed  by  a  letter  from  Sir  Thomas  ]Iolland  in  the  Manchester 
Guardian  of  28th  February  1914,  advocating  the  acquisition  of  a 
permanent  Meeting  Room  and  Technical  Library  for  the  common 
use  of  the  Technical  and  Scientific  Societies  in  the  Manchester 
district. 

A  Provisional  Committee  of  the  Technological  Societies  of  the 
district  was  appointed  on  1st  May  1914,  on  which  the  Institution 
was  represented  by  Sir  John  Aspinall,  Dr.  Hopkinson,  Mr.  Hughes, 
Mr.  Matthews,  and  Mr.  Longridge.  The  Committee  passed  the 
following  resolutions : — 

(1)  That    it   is    desirable    to    formulate   a   scheme    of    co- 

operation between  the  Technological  Societies  of  the 
Manchester  district  for  the  purpose  of  providing  a 
common  Meeting  Room  and  Reference  Library. 

(2)  That   in  the   opinion  of   this   Meeting   the   scheme   of 

co-operation  to  be  devised  should  not  provide  for 
any  amalgamation  of  the  Societies  of  a  kind  that 
will  interfere  with  their  present  affiliation  to 
London  Institutions,  their  present  arrangements 
for  prescribing  professional  qualifications  or  their 
established  methods  of  promoting  the  interests  of 
their  special  professions. 

The  following  signified  their  adherence  to  the  scheme : — 

The  Institution  of  Electrical  Engineers. 
The  Institution  of  Mechanical  Engineers. 
The  Manchester  Association  of  Engineers. 
The  Manchester  Geological  and  Mining  Society, 
The  Manchester  Engineers'  Club. 
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and  ten  other  Societies  were  expected  to  come  in,  when  the  further 
prosecution  of  the  scheme  was  cut  short  by  the  War.  Since  the 
Ai'mistice  it  has  not  been  revived,  perhaps  partly  for  want  of 
encouragement  from  this  Institution,  but  the  need  for  a  Techniail 
Library  has  been  so  strongly  felt  tliat  after  consultations  and 
negotiations  extending  over  twelve  months  a  deputation  representing 
the  Libraries  Committee  of  the  Manchester  Corporation,  and  the 
Engineering,  Technical,  and  other  industries  of  the  Manchester  area 
waited  upon  the  Rt.  Hon.  H.  A.  L.  Fisher  on  the  .3rd  July  1919  in 
his  dual  capacity  of  President  of  the  Board  of  Education  and  Vice- 
President  of  the  Committee  of  the  Privy  Council  for  Scientific 
and  Industrial  Research,  to  urge  upon  him  the  importance  of 
assisting  the  Corporation  to  provide  an  adequate  Technical  Library 
by  a  grant  from  the  Committee's  funds. 

Referring  to  the  resolutions  of  the  Committee,  he  would  like  to 
point  out  that  they  expressed  no  intention  or  wish  to  amalgamate 
the  various  Manchester  Societies  or  the  local  branches  of  the 
London  Institutions  into  one  local  Technical  Society.  The 
intention  and  desire  was  that  each  of  the  several  constituent 
societies,  while  strictly  preserving  its  own  identity  and  constitution, 
should  subscribe  its  quota  for  the  special  purpose  of  providing  a 
Meeting  Room,  Technical  Library,  and  staff,  for  the  common  use 
of  all.  A  common  meeting  room  could  be  set  aside  for  the  exclusive 
use  of  each  Society  on  fixed  days  in  each  month.  A  common 
library  and  staff  could  be  used  every  day,  without  inconvenience, 
by  all. 

Members  of  Local  Branches  of  the  Institution  participating  in 
such  a  scheme  would  enjoy  as  nearly  as  was  practicable  the  same 
advantages  as  their  London  brethren,  and  it  was  hoped  that  the 
Local  Branches  to  be  established  under  the  proposed  new  By-laws 
44-48  would  exert  themselves  to  form  Local  Associations  with  the 
other  Technical  Societies  in  their  localities  for  the  purposes 
described  in  the  resolutions  he  had  read.  Naturally,  Local 
Branches,  with  this  object  before  them,  could  only  be  formed  in 
a  few  of  the  larger  centres  of  Mechanical  Engineering.     In  other 
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places   the    present   practice    of    holding   Local    Meetings    for  the 
discussion  of  Papers  read  in  London  would  have  to  suffice. 

He  hoped  he  had  made  clear  the  ideal  at  which  the  Council 
aimed.  Whether  it  could  be  attained  would  depend  very  much 
upon  the  exei'tions  of  the  country  members  themselves.  The  exact 
form  the  Local  Branches  should  tiike  was  still  undecided,  and  he 
thought  the  Council  would  probably  appoint  a  Committee,  consisting 
of  some  of  their  own  body  and  of  country  members — not  Members 
of  Council — to  go  into  det:vils.  And  now  he  would  say  a  word 
about  finance.  Clearly  the  proposed  Local  Branches  could  not  be 
run  without  expense,  and  the  suggested  Local  Associations  for  the 
acquisition  of  Meeting  Halls  and  Technical  Libraries  would  cost 
money. 

The  fii'st  question  to  be  decided  was  whether  the  necessary 
funds  should  be  obt;iined  by  increasing  the  subscriptions  of  the 
members  of  the  Local  Branches,  or  whether  the  entire  cost  should 
be  borne  by  the  whole  body  of  members  as  the  cost  of  running  the 
Institution  House  in  London  was  borne.  At  first  sight  it  might 
appear  that  the  former  alternative  (with,  of  course,  an  increased 
subscription  for  London  members  also)  might  be  preferable  as 
being  fairer  from  the  point  of  view  of  those  inclined  to  measure 
values  by  £  s.  d.  alone.  Having  regard,  however,  on  the  one  hand, 
to  the  difficulty  of  determining  the  area  within  which  the  increased 
subscriptions  should  be  levied,  assuming  membership  of  a  Local 
Branch  to  be  compulsory  on  all  within  its  area,  and  on  the  other 
hand,  the  objection  to  excluding  members  who  refused  to  pay  an 
increased  subscription  from  the  amenities  of  a  Local  Branch  and 
Local  Association,  assuming  membership  of  a  Local  Branch  to  be 
voluntary,  the  Council  preferred  to  throw  the  whole  cost  of  the 
Local  Branches  and  Associations  upon  the  common  funds  of  the 
Institution. 

This  was  one  reason  for  raising  Subscriptions  and  Entrance 
Fees. 

With  the  increases  proposed  in  the  new  By-laws  he  hoped  and 
believed  that  the  Institution  would  be  able  not  only  to  provide  for 
the  working  expenses  of  its  Local  Branches,  but  also  to  add  year 
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by  year  sufficient  sums  to  what  was  called  the  General  Reserve 
Fund,  to  enable  it  to  make  liberal  grants  towards  the  foundation  of 
Local  Associations  to  provide  the  meeting-rooms  and  technical 
libraries  which  were  so  much  needed  in  the  large  manufacturing 
centres  for  the  common  use  of  the  Technical  Societies  domiciled  in 
those  centres. 

His  only  regret  in  asking  the  members  to  approve  the  new 
By-laws  44-48  was  that  Local  Branches  and  Associations  of  the 
type  suggested  must  necessarily  be  few,  and  therefore  out  of  reach 
of  many  of  the  country  members,  except  when  paying  visits  to  the 
towns  in  which  they  might  be  established. 

He  feared  the  disability  was  inevitable,  and  hoped  the  country 
members  who  might  suflfer  it  would  cheerfully  and  loyally  accept  it 
and  console  themselves  with  the  reflection  that  by  doing  so  they 
would  be  adding  to  the  usefulness  and  prestige  of  the  Institution, 
to  which  they  all  had  the  honour  to  belong.  He  seconded  the 
Resolution. 

Mr.  E.  R.  Dolby  desired  to  ask  a  question  as  the  outcome  of 
Mr.  Longridge's  very  lucid  remarks,  namely,  whether  it  was  the 
intention  of  the  Council  to  fix  the  dates  of  the  Meetings  of  the 
Provincial  Branches  subsequent  to  the  corresponding  dates  of  the 
Meetings  held  at  the  central  Institution,  so  that  the  same  Papers 
might  be  read  at  the  Branches  with  a  view  to  discussion,  or  was  it 
the  intention  of  the  Council  to  leave  that  question  quite  open  to 
the  Branch  Meetings  independently. 

The  President  replied  that  that  was  a  matter  which  no  doubt 
the  Committee  to  which  Mr.  Longridge  had  referred  would  take 
into  consideration. 

Mr.  S.  G.  Williams  said  he  desired  to  point  out  that  engineers 
in  Birmingham  were  a  very  live  force,  but  he  did  not  wish  the 
Institution  to  be  deluded  into  thinking  that  it  was  doing  pioneer 
work  in  the  provinces  by  opening  Local  Branches.  Very  strong 
meetings,  sometimes  bi-weekly,  were  already  being  held  by  local 
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Societies,  so  that  all  the  InKtitutioii  could  do,  if  its  Locjil  Branches 
were  to  be  a  success,  would  he  to  get  into  stride  with  these  local 
interests.  The  Institution  would,  however,  to  some  extent  still  be 
a  secondary  force,  because  in  centres  like  Birmingham,  Sheffield, 
and  Manchester  there  were  other  interests  besides  Mechanical 
Engineering.  Mechanical  engineers  were  in  a  minority,  but  it 
should  be  possible  for  them  to  arouse  the  enthusiasm  of  the 
metallurgical  interests  which  predominated  in  at  least  two  of  these 
cities.  If  this  were  done,  some  agreement  could  be  reached  to  the 
mutual  benefit  of  all. 

The  Resolution  for  the  adoption  of  By-laws  44-48  was  then  put 
to  the  Meetfng  in  the  usual  manner  and  was  declared  by  the 
President  to  be  carried  unanimously. 

(The  revised  By-laws,  adopted  by  the  foregoing  Resolutions 
will  be  found  in  the  Appendix  to  these  Proceedings,  pages  252-7.) 


The  President  said  that  before  the  discussion  on  Mr.  Bergstrom's 
Paper  was  continued,  he  desired  to  announce  that  the  Council  had 
agreed  that  a  Committee  be  appointed  to  deal  with  the  question 
arising  out  of  Mr.  Moss'  Amendment  at  the  previous  Meeting, 
namely,  whether  a  Junior  Grade  of  Graduate  should  be  formed, 
and  if  so  what  the  qualifications  should  be.  The  Committee  would 
consist  of  himself.  Professor  Dalby,  Mr.  Patchell,  Mr.  Moss, 
j\Ir.  Evans,  and  one  or  two  Graduates,  and  it  would  have  power  to 
add  to  its  number. 

Dr.  H.  S.  Hele-Shaw  said  that  before  the  discussion  on  the 
By-laws  was  closed,  he  desired,  as  a  Member  of  the  Finance 
Committee,  to  express  his  thanks  to  Mr.  Thompson  for  the  great 
trouble  he  had  taken  in  analysing  the  accounts  of  the  Institution 
He  felt  very  strongly  that  it  was  a  great  benefit  to  the  Council 
to  have  the  assistance  of  individual  members  in  such  matters,  and 
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he  therefore  iisked  the  President  to  request  Mr.  Thompson  to  let 
the  Finance  Committee  have  the  benefit  of  his  analysis,  when  liis 
remarks  would  receive  the  most  careful  attention. 

Mr.  Mark  Robinson  said  that,  as  Chairman  of  the  Finance 
Committee,  he  desired  to  endorse  everything  that  had  l^een  said 
by  Dr.  Hele-Shaw  with  regard  to  Mr.  Thompson's  remarks.  He 
had  listened  with  a  very  great  deal  of  satisfaction  to  Mr.  Thompson's 
long  analysis,  and  he  believed  that  if  the  members  of  the  Finance 
Committee  studied  it  quietly  they  would  derive  much  benefit 
from  it. 

Mr.  Thompson  said  it  would  attbrd  him  much  pleasure  to  hand 
a  copy  of  his  remarks  to  the  Secretary  before  he  left  the  Meeting. 


The  Discussion  on  the  Paper  by  Mr.  Eric  M.  Bergstrom  on 
•'  Recent  Advances  in  the  Utilization  of  Water- Power  "  was  resumed 
and  concluded. 


The  Meeting  terminated  at  Twenty  Minutes  to  Eight  o'clock. 
The  attendance  was  108  Members  and  10  Visitors. 


s  2 
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APPENDIX 

TO    THK    PrOCKKDIN'GS    OF   TlIK    AnNUAL    CkNEKAL    MkKTINO, 

20tii  Felkuauy  and  5tu  Maucji  1920. 


REVISED  BY-LAWS. 

Members. 

1.  No  Candidate  who  has  not  passed  the  qualifying  examination  for 
Associate  Membership  shall  be  elected  a  Jlember  or  transferred  to  the  class  of 
Jlombers  until  he  is  35  years  of  age  ;  but  a  Candidate  who  has  passed  the 
qualifying  examination  for  Associate  Membership  may  be  elected  or 
transferred  to  the  class  of  Members  on  attaining  the  age  of  30  years.  And 
every  Candidate  for  election  or  transference  to  the  class  of  Members  shall 
produce  evidence,  to  the  satisfaction  of  the  Council,  either — 

1.  That  he— 

(a)  Has  received  a  good  general  and  scientific  education  ; 

(b)  Has  been   regularly   trained   as,   or   has   had   sufficient   practical 

experience  as,  a  Mechanical  Engineer  ;  and 

(c)  Has  been  engaged  for  a  sufficient  period  in  an  important  position 

of   independent  responsibility  in  the   direction  of  engineering 
work : 

Or  II.     That  he— 

Has  attained  to  a  position  of  such  eminence  in  the  profession,  or  in  the 
direction  of  engineering  work,  as  to  qualify  him,  in  the  opinion 
of  the  Council,  for  the  distinction  of  Membership. 

Associate  Members. 

2.  No  Candidate  shall  be  elected  an  Associate  Member  unless  either  — 

(A)  Being  at  least  27  years  of  age,  he  has  passed  the  Associate  Membership 
Examination  prescribed  by  the  Council's  Examination  Rules  for 
the  time  being  cr  such  other  exempting  Examination  as  may 
from  time  to  time  be  approved  by  the  Council  under  such  Rules, 
and  has  also  produced  evidence  to  the  satisfaction  of  tl^e  Council 
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that  he  has  been  regularly  trained  as  a  Mechanical  Engineer, 
has  had  sufficient  practical  experience  in  the  direction  or 
design  of  engineering  work,  and  is  following  the  profession  of 
Engineering,  or 
(B)  Being  33  years  of  age  or  upwards,  he  shall  have  produced  evidence  to 
the  satisfaction  of  the  Council  either — 

I.    That  he— 

(a)  Has  received  a  good  general  education ; 

(b)  Has  been  regularly  trained  as  a  Mechanical  Engineer ;  and 

(c)  Has  had  subsequent  employment  for  at  least  one  year  in 

a  responsible  position  in  the  direction  or  design  of 
engineering  work,  and  is  actually  so  engaged  at  the  time 
of  his  proposal  for  Election. 

Or  II.     That  he- 

(d)  Has  received  a  good  general  and  scientific  education ; 

(e)  Has  had   sufficient  practical  experience   as    a    Mechanical 

Engineer ;  and 

(f)  Has  had  subsequent  employment  for  at  least  one  year  in  a 

responsible  position  in  the  direction  or  design  of 
engineering  work,  and  is  actually  so  engaged  at  the  time 
of  his  proposal  for  Election. 


GRADtJATES. 

3.  Graduates  shall  be  persons  not  under  18  years  of  age,  who  have  passed 
the  Graduateship  Examination  prescribed  by  the  Council's  Examination 
Rules  for  the  time  being  or  such  other  exempting  Examination  as  may  from 
time  to  time  be  approved  by  the  Council  under  such  Rules,  and  shall  satisfy 
the  Council  that  they  have  received,  or  are  receiving,  regular  training  as 
Mechanical  Engineers,  and  that  they  have  received,  or  intend  to  obtain, 
sufficient  practical  and  scientific  training  to  fit  them  for  employment  in 
responsit^'i  positions  as  Mechanical  Engineers.  No  person  shall  be  elected  a 
Graduate  after  the  completion  of  his  twenty-sixth  year. 

A  Graduate  may  not  remain  as  such  if  he  ceases  to  follow  the  profession 
of  Engineering,  nor  in  any  case  after  the  31st  December  next  succeeding  the 
completion  of  his  twenty-eighth  year  unless  he  has  passed  the  qualifying 
examination  for  Associate  Membership,  and  is  not  yet  qualified  for  Associate 
Membership  by  experience  and  responsibility,  in  which  case  he  may  remain  a 
Graduate  till  the  31st  December  next  succeeding  the  completion  of  bis 
thirty-third  year. 
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E.NTUANCK  Fees  and  Subscrii'tions. 

10.  Each  Member  if  resident  in  the  United  Kingdom  shall  pay  an  Annual 
Subscription  of  ,£4,  and  if  not  so  resident  t:i.  And  every  Memi)er  shall  pay 
on  election  an  Entrance  Pee  of  .€5. 

n.  Each  Associate  Jlember  if  resident  in  the  United  Kingdom  shall  pay 
an  Annual  Subscription  of  £3,  and  if  not  so  resident  £2  10s.  And  every 
Associate  Member  shall  pay  on  election  an  Entrance  Fee  of  €2  10s.  If 
afterwards  transferred  by  the  Council  to  the  class  of  Members,  he  shall  pay 
on  transference  if  so  resident  £1  and  if  not  so  resident  10s.  additional 
Subscription  for  the  current  year,  and  £•!  10s.  additional  Entrance  Fee. 

12.  Each  Graduate  shall  pay  until  the  31st  December  next  succeeding 
the  completion  of  his  twenty-eighth  year  an  Annual  Subscription  of  £1  10s., 
and  after  that  date  the  same  Annual  Subscription  as  Associate  Members.  A 
Graduate  shall  pay  no  Entrance  Fee. 

13.  Each  Associate  if  resident  in  the  United  Kingdom  shall  pay  an  Annual 
Subscription  of  £4,  and  if  not  so  resident  £3,  and  every  Associate  shall  pay 
on  election  an  Entrance  Fee  of  £5.  If  afterwards  transferred  by  the  Council 
to  the  class  of  Associate  Members,  or  to  the  class  of  Members,  he  shall  pay 
the  Subscription  proper  to  the  class  to  which  he  is  transferred,  but  no  part 
of  his  Entrance  Fee  shall  be  returned. 

16.  Any  ^Member,  Associate  Member,  or  Associate,  whose  Subscription  is 
not  in  arrear,  may  at  any  time  compound  for  his  Subscription  for  the  current 
and  all  future  years  by  the  payment  of  Sixty  Pounds,  if  paid  in  any  one  of  the 
first  five  years  of  his  membership.  If  paid  subsequently,  the  sum  of  Sixty 
Pounds  shall  be  reduced  by  One  Pound  per  annum  for  every  year  of 
membership  after  five  years.  All  compositions  shall  be  deemed  to  be 
capital  moneys  of  the  Institution. 

Election   of  Members,  Associate   Members,   Graduates,   and 
Associates,  and  Tbansfers. 

19.  Every  proposal  for  Election  or  for  Transference  shall  be  in  accordance 
with  Forms  to  be  approved  from  time  to  time  by  the  Council,  and  shall  be 
forwarded  to  the  Secretary  who  shall  lay  it  before  the  Council. 

20.  A  list  containing  the  full  name,  designation  or  occupation,  business 
address,  and  names  of  the  Proposer  and  Seconder  of  every  Candidate  for 
election  (whether  he  has  previously  been  a  Graduate  of  the  Institution,  or 
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not),  together  with  similar  but  separate  lists  of  applicants  for  transference 
from  the  class  of  Associate  ilembers  to  that  of  Members,  or  from  the  class  of 
Associates  to  that  of  Members  or  Associate  Members,  shall  be  published  in 
the  Institution  Journal  as  soon  as  possible  after  the  proposal  or  application 
forms  shall  have  been  received  by  the  Secretary, 

21  and  22.  After  the  lapse  of  at  least  one  month  from  the  date  of  such 
publication,  during  which  any  Member  or  Associate  Member  may  communicate 
by  letter  with  the  Secretary  respecting  the  qualifications  or  character  of  any 
Candidate  or  Applicant,  the  proposals  and  applications  and  all  communications 
relative  thereto  shall  be  considered  by  the  Council,  who  shall  decide  the  class, 
if  any,  into  which  the  Candidate  or  Applicant  shall  be  elected  or  transferred. 

23.  When  a  Candidate  is  elected,  the  Secretary  shall  give  him  notice 
thereof  in  a  Form  to  be  approved  from  time  to  time  by  the  Coimcil ;  but  his 
name  shall  not  be  added  to  the  register  of  the  Institution  until  he  shall  have 
paid  his  Entrance  Fee  and  first  Annual  Subscription.  When  an  application 
for  Transfer  has  been  approved  by  the  Council,  the  Secretary  shall  notify  the 
same  to  the  Candidate  in  a  Form  to  be  approved  from  time  to  time  by  the 
Council ;  but  his  name  shall  not  be  added  to  the  list  of  ^lembers  or  Associate 
Members  until  he  shall  have  paid  the  additional  Entrance  Fee  (if  any),  and 
the  additional  Subscription  (if  any)  for  the  current  year, 

25.  Provided  always  that  notwithstanding  the  provisions  of  the  preceding 
By-laws,  if  the  Council  shall  be  satisfied  that  any  Member,  Associate  Member, 
Graduate,  or  Associate,  has  during  the  War  commenced  in  August  1914 
resigned  his  membership,  or  has  been  struck  oS  the  register,  on  account  of 
financial  difficulty  due  to  the  War,  he  may  be  re-elected  by  the  Council  as  a 
member  in  the  class  of  membership  in  which  he  was  previously  to  the  War. 


Meetings. 

32.  The  proceedings  at  the  General  Meetings  shall,  as  far  as  practicable, 
Conform  to  the  following  order : — 

1st.  The  Chair  shall    be   taken  at  such    hour  as   the    Council  may 

direct. 
2nd.  The  Minutes  o(   the   previous  Meeting  shall  be   read    by  the 

Secretary,  and,  after  being   approved  as  correct,  shall  bo  signed 

by  the  Chairman. 
3rd.  Papers  approved  by  the  Council  shall  be  read  by  the  Secretary 

or  by  the  Author,  as  may  be  directed  by  the  Council. 
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Local  BnANCHES. 

'~  44.  Local  Branches  of  the  Institution  may  be  formed  by  the  Council, 
consisting  of  Members,  Associate  Members,  Graduates,  and  Associates  of  the 
Institution  in  such  local  centres  as  afford  evidence  satisfactory  to  the 
Council : — 

(a)  of  a  demand  for  the  formation  of  a  Local  Branch  on  the  part  of 

Members  and  Associate  ^Members  resident  in  the  locality  and 

(b)  that  a  Local  Branch  if  formed  will  be  so  adequately  supported  and 
of  such  use  to  the  IMembers,  Associate  INIembers,  Graduates,  and 
Associates  in  the  locality  that  the  Council  will  be  justiGed  in 
appropriating  funds  of  the  Institution  towards  its  support. 

45.  The  proposal  for  the  formation  of  a  Local  Branch  shall  be  by  petition 
of  the  Members  and  Associate  Members  resident  in  the  locality.  Such 
petition,  together  with  the  evidence  as  to  the  probable  support  and  usefulness 
of  the  proposed  Branch,  shall  be  brought  before  and  considered  by  the  Council 
and  if  they  decide  that  the  Branch  shall  be  formed,  a  first  Meeting  of  the 
Members,  Associate  Members,  Graduates,  and  Associates  resident  in  the 
locality  shall  be  convened  by  written  notice  specifying  generally  the  nature 
of  the  business  to  be  transacted.  This  Meeting  shall  be  under  the 
Chairmanship  of  a  Member  of  the  Council. 

46.  A  Chairman  of  the  Branch  (chosen  from  the  INIembers  only)  and  a 
Committee  (chosen  from  the  Slembers  and  Associate  Members)  for  the 
management  of  the  local  affairs  of  the  Branch  shall  be  appointed  by 
resolution  of  the  INIembers  and  Associate  Members  resident  in  the  locality  at 
the  first  Meeting  of  the  Branch.  The  Chairman  and  at  least  one-third  of  the 
Committee  shall  retire  at  each  subsequent  Annual  Meeting  of  the  Branch  but 
shall  be  eligible  for  re-election.  Casual  vacancies  in  the  office  of  Chairman 
or  in  the  Committee  may  be  filled  by  the  Committee  but  those  so  appointed 
by  them  shall  retire  at  the  succeeding  Annual  Meeting  of  the  Branch.  The 
election  of  a  Chairman  and  ^Members  of  the  Committee  (qualified  as  above) 
to  supply  the  place  of  those  retiring  shall  be  conducted  in  manner  prescribed 
by  the  Rules  from  time  to  time  in  force  as  provided  by  By-law  47. 

47.  The  local  affairs  of  a  Branch  shall,  subject  to  and  consistently  with 
the  Articles  and  By-laws  of  the  Institution,  be  regulated  by  Rules  to  be 
adopted  by  resolution  of  Members  and  Associate  Members  resident  in  the 
locality  at  the  first  ]\Ieeting  of  the  Branch  and  alterations  of  and  additions  to 
the  Rules  may  be  made  only  oy  resolution  of  the  Members  and  Associate 
Members  resident  in  the  locality  at  an  Annual  Meeting  of  the  Branch  after 
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notice  specifying  generally  the  nature  of  the  proposed  alteration  or  addition 
has  been  announced  at  the  previous  ordinary  fleeting  of  the  Branch  and  has 
been  given  to  all  Members,  Associate  Members,  Graduates,  and  Associates 
resident  in  the  locality,  and  not  otherwise.  The  provisions  of  By-laws  7  and 
31  to  35  inclusive  as  to  Meetings  and  of  By-laws  27  to  30  inclusive  as  to 
Officers  shall  not  be  applicable  so  as  to  interfere  with  the  regulation  under 
such  Rules  of  the  local  affairs  of  a  Branch. 

All  such  Rules  and  alterations  and  additions  thereto  shall  be  subject  to 
the  approval  of  the  Council  before  becoming  operative. 

48.  The  appropriation  and  contribution  of  funds  of  the  Institution 
towards  the  expenses  of  Local  Branches,  or  to  enable  such  Local  Branches 
to  co-operate  with  Branches  of  other  Institutions  and  Technical  and  Scientific 
Societies  in  the  same  locality  for  the  purpose  of  forming  Local  Associations 
for  the  acquisition  of  Local  Technical  Libraries  and  Meeting  Rooms  and  the 
provision  of  staff  and  equipment  thereat  for  the  common  use  of  such  Local 
Branches  and  Societies,  consistently  with  the  objects  of  the  Institution, 
shall  be  in  the  sole  discretion  of  the  Council  and  the  Institution  shall  not  be 
responsible  for  any  liability  incurred  by  or  on  behalf  of  any  Local  Branch  of 
the  Institution  or  by  or  on  behalf  of  any  such  Local  Association  beyond  any 
amount  previously  appropriated  or  contributed  for  any  such  specified  purpose 
by  the  Council. 
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March  1920. 


An  Ordinary  General  Meeting  was  held  at  The  Institution, 
London,  on  Friday,  19th  March  1920,  at  Six  o'clock  p.m.;  Captain 
H.  RiALL  Sankey,  G.B.,  R.E.,  ret..  President,  in  the  Chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  Council  had  appointed 
Mr.  David  E.  RoBERTS^as  a  Member  of  Council  for  the  current  year, 
to  fill  the  vacancy  caused  by  the  Election  of  Lord  Weir  as  a  Vice- 
President.  According  to  Article  25,  he  will  retire  at  the  next 
Annual  General  Meeting  and  will  be  eligible  for  Election. 

The  President  announced  that  the  following  fifty-nine 
Candidates  had  been  duly  elected : — 

members. 

CuBBON,   John   Frederick,   Major,   D.S.O., 

M.C.,  R.E., London. 

Hallam,  Herbert,  Major,  R.E.,  .  .  Newport,  Mon. 

Hay,  John  Buchanan,      ....  Wangamii,  N.Z. 

Smith,  Edgar  Charles,  Eng.-Com.,  O.B.E., 

R.N., .......  Devonport. 

WiCKHAM,  John  Avenel,  Brigadier-General.,  London. 
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Adams,  Edwin, 
Beanlaxd,  Albert  Edward, 
Bloomer,  Bertram,  Captsiin,  Tank 
BoDDiE,  Ronald  Charles,  Eng.  Lieut 

D.S.O.,  R.N., 
BoswALL,  Robert  Oliphant, 
Burgess,  Herbert  Lewis, 
Campbell,  Tom  Schofield, 
Chapman,  John,  Captain  (Tech.),  U.. 
Cochrane,  William  Hexry, 
CoNLY,  Thomas, 
Cook,  Thomas  Percy, 
CouLSON,  Hubert,    . 
Crooks,  Edward  Joseph,  . 
Drysdale,  Walter  Alexander, 
Egginoton,  Alfred  Ernest, 
Epton,  Alfred  William,  . 
Farmer,  Alfred, 
FiNLAY,  Walter  James,    . 
Ford,  Arthur  Samuel, 
Gray,  John  Embleton,  Captain,  R.E 
Greenall,  Fred,  M.B.E., 
Hamilton,  Alexander,  Eng.-Lieut., 
HoLTHusEN,  Leonard  Charles, 
Houston,  Thomas  Ralph, 
Illingworth,  Robert, 
Lamarque,  Gaston    Henry   R.   C. 

Peyrecave, 
Lawless,  George,    . 
Limbourne,  Charles  William,  . 
Lloyd,  William  Harold, 
LuNDY,  Frank  Sinclair,  . 
McPuERsoN,  George  William,  . 
Mead,  John,  .... 
Philips,  John  Albert  Frank,  Captain 
Price,  John  William, 
Saunders,  Ernest  George  Cock  burn 
Scotland,  Henry  Humphrys,     . 
Smeaton,  James  Gillender, 
Waterland,  Arthur  Joseph  Clarke, 
Wheatcroft,  Edwin,  Captain,  R.E. 
White,  John  Donald,  Captain,  D.S.O 
Whitton,  James  Hill, 


Birmingham. 
]\I  an  Chester. 
Corps,    .      N\  areham. 


Com., 


F., 


R.N.,  . 


M.     DE 


Coleraine. 

London. 

London. 

Rugby. 

London. 

London. 

Dunedin,  N.Z. 

London. 

Retford. 

Bombay. 

Dudley. 

Manchester. 

London. 

Burton-on-Trent. 

Grimsby. 

London. 

Bristol. 

London. 

London. 

Glasgow. 

Rugby. 

Jarrow-on-Tyne. 


London. 

Coventry. 

Woolwich. 

Oswestry. 

Walker-on-Tyne. 

Newport,  Mon. 

London. 
R.E.,     Glasgow. 

London. 

Haworth,  Yorks. 
.     Sheffield. 
.     Erith. 
.     Newcastle-on-Tyne, 

Shoeburyness. 
M.C.,     Wareham. 
.     Falkirk. 
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ASSOCIATES. 

AsHwouTH,  Albert  Edwin,  Captain,  R.  A.S.C., 

M.T., Shortlands. 

BuRGOYNE,  Alan  Hughes,  Major,  M.P.,       .  London. 

Ensor,  Ainslie  Jackson,  ....  Wellingborough. 

Leland,  Francis  William  George,  Lieut.- 

Col.,  C.B.E.,  D.S.O.,  R.A.S.C.,         .  .  Winchester. 


GRADUATES. 


Bleach,  Chris  Charles,  . 
Bull,  Alfred  Howard,    . 
Ghosh,  Jagabandhu, 
MacDonald,  James  Hector, 
Metcalf,  Neil, 
Neal,  Briax  Henry, 
Norton,  Allan  Maber,     . 
O'CoNNELL,  Terence  Joseph, 
Ross-Ross,  Donald  de  Courcv, 


Swansea. 

Reading. 

London. 

London. 

Ebbw  Vale. 

London. 

Dudley. 

London. 

Toronto. 


The  President  announced  that  the  following  six  Ti-ansferences 
had  been  made  by  the  Council : — 

Associate  Members  to  Members. 

Bramley-Moore,     Swinfen,     M.C,     Capt. 

R.A.S.C,  M.T., Huddersfield. 

DouGiLL,  Alfred  William,        .  .  .  Birmingham. 

Jeff,  William,         .....  Bromboro  Port. 

Rainforth,  William  Frederick,        .  .  London. 

Thwaites,  Richard  Alan  Stuart,       .  .  Bedford. 

Widdowson,  Ernest  Leedham,  .  .  .  Halifax. 


The  following  Paper  was  read  and  discussed : — 

"  Exact  Data  on  the  Performance  of  Mechanical  Stokers 
as  applied  to  '  Lancashire '  or  other  Narrow-Flued 
Boilers";  by  David  Brownlie,  B.Sc.  (Lond.),  F.C.S.,  of 
Manchester,  Associate. 
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The  Mooting  torminated  at  a  Quarter  to  Eight  o'clock.     The 
attendance  was  140  Members  jind  85  Visitors. 


The  Paper  by  Mr.  Brownlie  was  also  discussed  at : — 

Birmingham,    in    the    Medical    Lecture     Theatre    of    the 

University,  on  Thursday,  25th  March  ;    Mr.  William 

Mills,  Member,  in  the  Chair. 
Manchester,  in   the   Engineers'  Club,  on   Thursday,  25th 

March  ;    Mr.  Daniel  Adamson,  Member  of  Council,  in 

the  Chair. 
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EXACT  DATA  ON  THE  PERFORMANCE  OF  MECHANICAL 

STOKERS  AS  APPLIED  TO  "  LANCASHIRE  "  OR  OTHER 

NARROW-FLUED  BOILERS. 


By  DAVID  BROWNLIE,  B.So.(Lond.),  P.C.S.,  of  Manchesteb,  Associate. 


One  of  the  most  serious  national  questions  to-day  from  an 
engineering  point  of  view  is  that  of  coal  economy,  and  our  whole 
future  as  an  industrial  nation  will  depend  largely  on  how  we  attack 
this  problem.  The  Author  has  shown  in  various  articles  (chiefly 
"  Coal  Saving  by  the  Scientific  Control  of  Steam  Boiler-Plants," 
Engineering,  12th  and  19th  July  1918)  that  whilst  about  50  per  cent 
of  our  national  coal  consumption  is  taken  up  by  one  operation  only, 
that  of  steam  generation,  very  little  authentic  information  has 
hitherto  been  available  with  regard  to  the  performance  of  steam 
boiler-plants  generally,  and  the  actual  amount  of  the  saving  to  be 
obtained  by  the  adoption  of  more  up-to-date  methods.  The 
subject  is  really  so  vast  that  it  can  only  be  dealt  with  in  sections, 
and  in  Engineering,  1st  November  1918  ("  Exact  Data  on  the 
Running  of  Steam  Boiler-Plants,  No.  1  Economisers  ")  the  Author 
dealt  with  the  question  of  economisers. 

In  this  Paper  it  is  proposed  to  deal  with  mechanical  firing,  and 
the  exact  figures  obtained  by  the  complete  scientific  investigation 
of  the  working  of  80  typical  "Lancashire"  boiler- pi  ants, 
[The  I.Mech.E.] 
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mechanically  firod,  will  be  brought  forward  for  consideration.  The 
firm  with  which  the  Author  is  associated  has  been  engaged  for 
the  past  10  years  in  testing  and  re-organizing  steam  boiler-plants, 
and  the  figures  in  this  Paper  have  been  obtained  during  the  course 
of  this  work. 

In  order  to  avoid  confusion,  this  Paper  has  been  confined  to  the 
results  obtained  with  "  Lancashire  "  boilers,  that  is,  narrow-grate 
boilers  (which  would  include  also  "  Cornish "  boilers,  marine 
boilers,  and  all  similar  types  of  boilers),  leaving  the  consideration 
of  "  tubular  "  boilers,  that  is,  wide-grate  boilers,  to  a  later  date. 
An  additional  reason  why  the  "  Lancashire  "  boiler  has  only  been 
considered  is  because  it  is  essentially  the  standard  boiler  of  the 
country  to-day.  It  is  difficult  to  give  exact  figures  on  this  point 
because  we  have  no  proper  engineering  census  of  the  country,  but 
it  is  obvious  that  by  far  the  greater  number  of  steam-boilers  at 
work  in  Great  Britain  are  of  the  "  Lancashire  "  type.  Thus  in 
the  Article,  "  Coal  Saving  by  the  Scientific  Control  of  Steam  Boiler- 
Plants,"  already  mentioned,  250  steam  boiler-plants  were  considered 
representing  27  different  industries.  The  total  number  of  boilers 
was  1,000  of  which  935  were  of  the  "  Lancashire  "  type,  36  were 
"  tubular,"  17  "  egg-ended,"  6  "  Cornish  "  boilers,  1  "  marine," 
"  vertical  "  and  3  "  patent  "  boilers. 

In  certain  very  large  industries  of  the  country,  such  as  collieries, 
cotton  mills,  w^ooUen  mills,  dyeing  and  bleaching,  calico  printing, 
flour  milling,  paper  manufacture  and  the  chemical  industries, 
almost  the  only  boiler  used  is  the  "  Lancashire,"  Tubular  boilers 
are,  of  course,  typical  of  electric  power  stations,  and  found  to  some 
extent  in  steel  works  and  engineering  works  generally.  The 
question  of  mechanical  firing  is,  therefore,  of  much  greater 
interest  from  the  point  of  view  of  the  present  average  performance 
of  boiler-plants  when  considered  in  connexion  with  "  Lancashire  " 
boilers,  simply  because  the  amount  of  coal  consumed  in  Great 
Britain  on  "  Lancashire  "  boilers  is  probably  8  to  10  times  that  on 
tubular  boilers. 

The  Author  wishes  to  emphasize  the  large  proportion  of  our 
total  national  coal  consumption  that  is  taken  up  for  the  purpose  of 
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steam  generation.  According  to  the  recent  Interim  Report  on 
Electric  Power  Supply  in  Great  Britain  of  the  Reconstruction 
Committee  (Coal  Conservation  Sub-Committee),  Ministry  of 
Reconstruction  (Cd.  9084,  1918),  the  total  annual  output  of  coal  of 
all  the  mines  of  the  United  Kingdom  before  the  War  (taking  1913  as 
typical)  was  approximately  287,000,000  tons,  of  which  189,000,000 
tons  were  consumed  at  home  as  follows  : — ■ 


1.  Railways 

2.  Coasting  Steamers 

3.  Factories 

4.  Mines  .... 

5.  Iron  and  Steel  Industries 

6.  Other  ^letals  and  Minerals 


Tons. 
15,000,000 

2.500,000 
00,000,000 
20,500,000 
31,000,000 

1,250,000 


7.  Brickworks,  potteries,  glass  works  and  chemical  works       5 ,  750 , 000 

8.  Gas  Works 18,000,000 

9.  Domestic 35,000.000 


189,000,000 


Taking  this  total  of  189,000,000  tons,  and  deducting  the  amount 
used  for  railways,  coasting  steamers,  gas  works,  and  domestic 
purposes,  118,500,000  tons  are  left.  Some  proportion  of  tliis 
amount  is,  of  course,  used  for  blast-furnaces,  chemical  processes, 
kilns,  producer  and  other  gas  plants  (apart  from  gas  works),  eto. 

According  to  the  recent  Report  already  mentioned,  of  the 
Reconstruction  Committee,  about  80,000,000  tons  of  coal  are  used 
for  power  production  only,  inclusive  of  railways.  Deducting 
15,000,000  tons  for  railways  leaves  the  figure  of  65,000  000  tons, 
of  wbich,  according  to  the  Report,  about  90  per  cent  is  used  for 
power  produced  by  steam  raising,  corresponding,  therefore,  to 
58,500,000  tons.  But  in  addition  to  power,  there  is  an  enormous 
amount  of  steam  used  for  heating  and  general  technical  processes. 
Thus,  in  industries  like  dyeing,  bleaching,  calico  i)rinting,  tanning, 
hat  manufacture,  brewing,  the  chemical  trades,  etc.,  much  more 
steam  is  used  in  this  way  than  for  power  production.  Also  in 
very  many  other  industries  a  considerable  quantity  of  steam  is  used, 
even  although  the  amount  may  be  less  than  that  used  for  power. 

1 
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It  is  not  possible  to  find  out  what  is  the  exact  amount  of  coal  used 
for  the  produftiun  of  steam  for  purposes  other  than  power,  there 
being,  for  example,  no  statistics  available  showing  the  number  of 
steam-boilers  at  work  in  Great  Britain.  The  Author  proposes, 
therefore,  to  assume,  until  further  information  can  be  obtained 
by  a  proper  engineering  census  of  the  country,  that  the  total  amount 
of  foal  used  for  steam  generation  in  the  United  Kingdom  is  ])etween 
75,000,000  tons  and  100,000,000  tons  per  annum  (being  GO,000,OfK) 
tons  to  70,000,000  tons  for  power  production  and  15,000,000  tons 
to  30,000,000  tons  for  purposes  other  than  power),  corresponding 
to  40  per  cent  to  53  per  cent  of  the  total  coal  used.  It  is  evident, 
therefore,  that  even  a  moderate  improvement  in  our  national 
methods  of  steam  generation  would  represent  an  enormous  economy 
in  coal. 

The  Author  does  not  know  what  proportion  of  the  75,000,000  tons 
to  100,000,000  tons  of  coal  used  for  steam  generation  is  burnt  by 
means  of  mechanical  stokers,  and  here  again  is  seen  the  need  of  a 
proper  engineering  census  of  the  country.  A  very  large  number  of 
mechanical  stokers  are  undoubtedly  at  work,  and  at  any  rate  at 
least  a  dozen  firms  supply  such  stokers.  One  firm,  for  example, 
states  that  it  has  supplied  5,000  stokers  during  the  last  30  years  to 
125  different  steam-users. 

Based  on  the  Author's  10  years'  experience,  including  the 
complete  scientific  investigation  of  nearly  500  boiler-plants  and  the 
inspection  of  thousands  of  plants,  he  would  estimate  that  about 
25  per  cent  of  the  coal  consumption  of  the  country  for  steam 
generation  is  mechanically  fired,  that  is,  say,  18,750,000  tons  to 
25,000,000  tons  per  annum.  Of  this,  say  75  per  cent,  that  is, 
14,000,000  tons  to  18,750,000  tons  per  annum,  is  burnt  on 
"  Lancashire "  boilers  only.  Mechanical  firing  is,  of  course,  of 
quite  ancient  origin,  the  first  mechanical  stoker  having  been  brought 
out  by  Watt  as  far  back  as  1785,  and  after  1840  many  types  of 
mechanical  stoker  were  patented. 

Mechanical  stokers  are  of  two  general  types  : — 

(A).  Coking  Type. — The  first  successful  stoker  of  this  type  was 
invented  by  John  Juckes  in  1841,  and  consisted  of  longitudinal 
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fire-bars  connected  by  links,  forming  an  endless  chain.  The  coal 
was  deposited  on  this  travelling  chain  from  a  hopper  in  front  of  the 
boiler,  and  the  fuel  gradually  burned  as  the  grate  travelled  forward, 
discharging  ash  and  clinker  over  the  back.  The  modern  chain-grate 
stoker  for  tubular  boilers  is  simply  a  development  of  this  stoker. 
In  general,  coking  stokers  burn  the  volatile  hydrocarbons  of  the  coal 
at  a  different  portion  of  the  grate  from  the  fixed  carbon,  that  is,  they 
first  "  coke  "  the  coal,  burning  the  volatile  products  driven  off  by 
this  process,  and  then  burn  the  coke  produced. 

In  modern  types  (overfeed)  for  "  Lancashire "  boilers,  the 
movement  of  the  coal  from  the  hopper  until  it  drops  over  the  back 
of  the  grate  as  ash  is  obtained  by  means  of  reciprocating  bars 
worked  by  the  stoker  drive.  A  special  form  of  the  coking  stoker 
is  the  "  underfeed  "  type,  in  which  the  coal  is  forced  up  from 
underneath  the  grate  (instead  of  on  the  top  ("  overfeed  ")  of  the 
grate  as  in  the  ordinary  types)  by  means  of  a  ram  or  worm  conveyor. 
The  grate  is  really  a  species  of  trough  in  which  the  volatile  matter 
is  burnt  on  the  apex  of  the  pile  of  burning  fuel,  and  the  coke  burnt 
as  it  travels  downwards  and  sideways  through  the  whole  length 
of  the  trough  or  grate.  There  are  several  types  of  such  stoker 
manufactured. 

(B).  Sprinklvig  Type. — The  first  successful  stoker  of  this  type 
was  brought  out  by  E.  Henderson  in  1843,  and  consisted  essentially 
of  two  horizontal  fans  revolving  on  vertical  spindles,  which  scattered 
or  sprinkled  the  coal  in  small  quantities  all  over  the  grate  so  as  to 
imitate  hand-firing.  In  modern  types  of  sprinkling  stoker,  the  coal 
is  thrown  over  the  grate  by  means  of  a  throwing  shovel,  and  the 
whole  length  of  the  grate  is  utilized  for  the  combustion  of  the 
volatile  matter  and  the  fixed  carbon  of  the  coal  at  the  same  time. 
The  fire-bars  have  a  reciprocating  motion  to  provide  for  the 
continuous  and  automatic  removal  of  clinker  and  ashes  over  the 
back  of  the  grate. 

There  is  amongst  steam-users  a  very  great  difference  of  opinion 
as  to  the  advantages,  or  otherwise,  of  mechanical  firing  as  compared 
with  hand-firing.  On  this  question,  as  on  most  other  questions 
in  connexion  with  coal  economy,  there   are  few  authentic   data 
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uvailablc.  In  general  engineering  literature,  including  text-books 
and  reference  manuals,  most  of  the  scanty  information  given  on 
the  subject  is  supplied  by  the  makers  of  mechanical  stokers 
themselves,  and  this  information  cannot  be  regarded  as  exactly 
unbiassed  in  its  character.  There  seems  to  be  a  general  hazy  sort 
of  impression  among  steam-users  that  mechanical  stokers  give 
Jiigher  elliciency,  and  that  tlicy  are  a  necessity  to  the  best  results, 
but  tlie  chief  trouble  is  wear  and  tear  and  cost  of  upkeep.  The 
(iovermnent  are  evidently  of  this  opinion,  and  the  Coal  Control 
Department,  for  example,  recommends  mechanical  firing  for 
Collieries.  As  the  Department  is  presumably  aware  that  the  vast 
majority  of  boilers  in  Collieries  are  of  the  "  Lancashire  "  type, 
it  therefore  recommends  mechanical  firing  for  "  Lancashire " 
boilers.  The  Department  states  that  mechanical  stoking  saves 
labour  in  the  fire-hole,  that  low-grade  coal  can  be  burnt  more 
ofruiontly  than  with  hand-firing,  and  that  greater  evaporation 
can  be  obtained  from  the  boilers.  The  advantages  claimed  for 
mechanical  stokers  will  be  dealt  with  later  in  detail,  as  well  as  all 
the  disadvantages  urged  by  advocates  of  band-firing. 

The  Author  has  given  the  exact  figures  for  the  performance  of 
80  typical  plants  in  Table  U  (pages  298-313).  These  80  plants 
are  not  selected  cases,  either  good  or  bad,  but  are  plants  taken 
at  random,  according  as  his  firm  was  instructed  to  undertake  the 
work  by  the  various  owners  of  the  plants.  In  the  Author's  opinion, 
although  he  can  give  no  actual  evidence  to  support  it,  these  80 
plants  are  typical  of  the  mechanically  fired  "  Lancashire  "  boiler- 
l»lants  of  the  whole  country.  He  found  by  experience,  that  it  is 
not  generally  the  firm  with  the  most  wasteful  plant  that  is  most 
interested  in  modern  methods  of  coal  economy.  Rather  it  is  the 
firm  whose  plant  is  average,  or  above  the  average,  which  is  more 
interested  in  all  possible  saving  to  be  obtained  ;  and  he  feels  sure 
that  if  a  number  of  hundreds  of  mechanically  fired  "  Lancashire  ' 
boiler-plants  were  investigated  on  the  lines  described,  the 
results  would  on  the  average  not  be  very  different.  He  is  more 
convinced  of  this  because  his  firm  has  examined,  without  testing, 
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hundreds  of  mechanically  fired  boiler-plants,  and  found  them  to 
be  all  run  on  the  same  general  lines  as  the  80  plants. 

Before  considering  the  results,  he  would  like  to  add  that,  on 
each  of  the  plants,  a  most  complete  scientific  investigation  was 
carried  out,  not  only  for  one  working  day,  but  also  for  one  week  as 
a  check  test.  The  object  of  the  test  was  to  find  out  the  exact 
normal  everyday  working  conditions  of  the  plant,  particularly  as 
regards  efficiency,  so  that  a  scheme  of  reorganization  could  be  devised 
for  the  more  economical  production  of  steam.  In  every  case  the 
boiler-house  staff  worked  the  plant  as  usual,  and  at  the  end  of  the 
tests  the  water  level  in  the  boilers  and  the  general  conditions  of 
the  fires  were  the  same  as  at  the  commencement.  Taking  the  various 
items  which  require  some  explanation  in  detail : — 

The  fuel  was  weighed  accurately  in  the  usual  manner  depending 
on  the  circvmistances  of  the  plant.  The  greatest  care  was  taken  to 
get  thoroughly  average  samples  of  the  fuel,  and  the  heating  value 
was  determined  in  every  case  with  the  oxygen  bomb  calorimeter 
direct  in  the  fuel  as  fired. 

With  regard  to  the  water  evaporated,  various  methods  were 
used,  depending  on  circumstances,  but  generally  the  method 
adopted  was  the  use  of  a  well-known  make  of  pressure-type  hot 
water  meter  calibrated  before  each  test,  and  working  between  the 
boiler-feed  pump  and  the  boilers.  The  old  method  of  weighing  the 
water  direct  in  tanks,  which  was  sometimes  used,  is,  of  course, 
very  cumbersome,  and  almost  impossible  for  regular  weekly  recording, 
such  as  is  necessary  on  a  properly  organized  boiler-plant.  Some 
form  of  water-meter  is  therefore  essential.  Whichever  type  is 
adopted,  the  Author  strongly  recommends  the  additional  installation 
of  a  calibrated  tank  of,  say,  500  gallons  to  1,000  gallons  capacity, 
so  that  the  accuracy  of  the  meter  in  use  can  be  checked  at  any 
time. 

The  feed- water  was  analysed  by  the  Wanklyn  soap  test  method 
before  and  after  boiling,  giving  the  permanent  and  temporary 
hardness  The  temperature  of  the  feed-water  before  and  after 
the  economisers,  the  draught  at  various  points,  the  temperature  of 
the  flue-gases  before  md  after  the  economisers,  the  steam-pressure, 
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and  the  temperature  of  the  superheated  steam  wore  taken  every 
half  lioiir  and  averaged. 

As  regards  the  percentage  of  CO.^  in  the  Hue  gases,  a  C0._,  recorder 
was  fixed  on  the  plant  and  the  percentage  of  CO^  recorded  at  the 
rate  of  about  20  analyses  per  hour.  On  the  week's  trial,  the  samples 
of  gas  were  taken  from  the  side  flues  of  each  boiler  in  rotation, 
allowing  as  a  rule  about  twelve  hours  (240  analyses)  on  each  boiler. 

With  regard  to  the  steam  or  power  used  as  an  auxiliary  to  the 
production  of  steam,  in  the  case  of  an  engine,  the  indicated  horse- 
power of  the  engine  was  taken,  and  from  the  type  of  engine  used 
a  very  good  idea  was  obtained  of  the  steam  used.  Thus  for  the 
ordinary  enclosed,  forced  lubrication,  high-speed  engine  in  use  for 
driving  forced  or  induced  draught  fans,  an  average  figure  is  35  lb. 
of  steam  per  indicated  horse-power  hour.  In  the  case  of  a  motor  drive 
the  power  used  is,  of  course,  very  easily  determined.  The  difficulty 
is  in  connexion  with  steam  used  in  the  form  of  steam-jets,  either 
under  or  over  the  fire-bars.  An  apparatus  was  devised  for  the 
purpose  of  estimating  the  amount  of  steam  issuing  from  nozzles, 
consisting  of  an  enclosed  cylinder,  connected  with  a  long  condensing 
coil.  In  determining  the  steam  used,  the  steam-pipe  and  nozzles, 
or  heavy  casting  with  series  of  small  holes,  or  other  apparatus  used, 
are  placed  bodily  in  the  enclosed  cylinder,  and  coupled  up  in  exactly 
the  same  manner  as  when  under  the  fire-bars.  The  steam  passes 
through  the  cylinder  and  the  coils,  which  are  immersed  in  cooling 
water  and  are  open  to  the  air  at  the  end,  and  the  steam  used  over 
a  period  of  several  hours  is  weighed  direct  as  condensed  water.  This 
apparatus  is  found  to  be  very  simple  and  convenient,  and  gives 
absolutely  accurate  results. 

Another  final  point  to  be  borne  in  mind,  in  considering  the 
results,  is  that  the  general  methods  of  running  steam  boiler-plants, 
both  hand  and  mechanically  fired,  are  out-of-date.  A  mechanical 
stoker.'like  any  other  mechanical  device,  has  to  be  used  with  a  certain 
amount  of  discretion,  and  if  this  is  lacking,  one  can  hardly  blame 
the  mechanical  stoker.  In  considering,  therefore,  the  advantages 
and  disadvantages,  the  facts  with  the  present  general  out-of-date 
methods  in  vogue  have  first  been  stated,  and  then  the  facts  that 
would  obtain  if  modem  scientific^methods  of  control  were  adopted. 


Makch  U»2I). 


MECHANICAL   STOKKI!    TESTS. 


271 


Ddailcd  unalijfii)i  oj  the  results  of  Ihc  80  tests  together  wil/i  advantui/es 
claimed  fur  mecJuinicalfirimj  and  the  disadvantages  urged  against  it. 

A.  General  Analysis. 

1.  Plants  Rejjresented. — The  80  tests  represent  the  boiler  plants 
of  18  woollen  mills,  13  paper  mills,  12  explosive  factories,  11  dyeworks, 
5  cotton  mills,  4  chemical  works,  4  collieries,  4  engineering  works, 
2  calico  printers,  2  dyeing  and  cleaning  works,  2  hat  works,  2  hosiery 
mills,  and  1  general  textile  mill,  and  are  therefore  a  good  average 
selection  of  the  mechanically  fired  "  Lancashire  "  boiler  plants 
of  the  coimtry. 

As  regards  the  size  of  the  plants  these  are  quite  representative, 
varying  from  the  largest  plant  of  IG  boilers  with  an  annual  coal  bill 
of  79,000  tons  down  to  plants  of  1  boiler  with  a  smallest  annual  coal 
bill  of  950  tons.  The  total  annual  coal  consumption  on  the  whole 
80  plante  is  approximately  715,000  tons,  and  the  total  number  of 
boilers  299.  The  number  of  different  makes  of  mechanical  stoker 
included  in  the  tests  is  8,  3  being  sprinkling  and  5  coking. 

2.  Price  of  Coal  Used. — The  actual  price  paid  for  the  coal  used 
on  the  various  plants  has  not  been  given,  because  these  figures 
would  be  of  no  interest,  as  the  80  plants  were  tested  during 
a  considerable  number  of  years,  and  of  course  the  price  has  varied 
enormously.  At  the  present  moment  the  average  price  paid  for  coal 
throughout  the  country  will  probably  be  about  30s.  The  increase 
in  the  price  of  coal  during  recent  years  has  of  course  been  sensational. 
According  to  the  evidence  given  before  the  Coal  Inquiry  Commission 
by  Mr.  A.  L.  Dickinson,  Chairman  of  Finance  Board  and  Financial 
Adviser  to  the  Coal  Controller,  the  average  value  per  ton  at  the  pit 
head  of  the  coal  raised  for  the  different  vears  is  as  follows: — 
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3.  Anahftiis  of  Fcvd-Walcr. — As  will  bo  soon  from  Tal»le  14 
(paj^i's  2'J8-313),  tlicre  is  a  grc;it  variiition  in  tiic  (iiiality  of  the  boiler 
feed-water,  varying  from  3°  total  liardness  to  28°  and  averaging 
say  about  9°  total  hardness.  This  is  however  about  normal,  that  is 
to  say,  these  80  plants  were  neither  better  nor  worse  than  average 
plants.  In  the  250  tests  the  average  figures  were  about  12°  total 
liardness.  It  is  obvious  of  course  that  scale  in  the  boilers  will  reduce 
very  seriouisly  the  efficiency  whether  for  mechanical  or  hand 
firing. 

4.  Temperature  of  Feed-water  before  and  after  Economisers. — In 
tliis  respect  the  80  plants  are  distinctly  better  than  the  average. 
In  Enfjincerwg,  1st  November  1918  ("  Exact  Data  on  the  Running 
of  Steara  Boiler  Plants,  No.  1  Economisers  "),  the  Author  gave  the 
figures  for  250  plants,  and  the  figures  can  be  compared  as  follows 
with  the  80  plants  in  Table  1  : — 

TABLE  1. 


Division  according  to 
saving  obtained. 


No  economisers  installed 

Less  than  5  per  cent 

5-7^  per  cent 
i  7^-10  per  cent 
I  10-12.i  per  cent     . 
'  12.J-15  per  cent 

over  15  per  cent    . 


'  250  plants 

80  plants  (24  per  cent  mechani- 

mechauically  fired,      cally  fired  and  76  per 
cent  hand  fired). 


No.  of 
plants. 

Per  cent. 

No.  of 
1    plants. 

95 

Per  cent. 
38-00 

9 

11-25 

0 

2'50 

14 

5-60 

>) 

2-50 

15 

(J -00 

13 

lG-25 

23 

0-20 

14 

17-50 

33 

13-20 

20 

25-00 

.40 

18-40 

20 

25-00 

24 

9-60 

80 

100-00 

250 

100-00 
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The  mccbanical  stokers  have,  therefore,  better  coiidition.s,  from 
the  point  of  view  of  obtaining  efficiency,  than  the  average  as  regards 
assistance  from  cconomisers. 

5.  Method  of  DraugJd. — As  has  already  been  seen,  out  of  the  80 
plants,  65  phmts  are  working  on  chimney  draught,  whilst  12  plants 
are  working  with  induced  draught  and  3  plants  with  forced  draught. 
Mechanical  stokers  (except  underfeed  coking)  will  work  just  as  well 
with  induced  draught  as  with  ordinary  chimnsy  draught,  whilst 
the  underfeed  coking  type  will  only  work  with  mechanical  forced 
draught. 

6.  Boiler  Pressure. — The  figures  for  the  boiler  pressure  can  be 
summarized  as  in  Table  2  : — 

TABLE  2. 


80  plants 
mechauically  fired. 

250  plants 

(24  percent  mechani- '. 

cally  fired  and  76  per 

cent  hand  fired). 

Number. 

Expressed 
as  per- 

Number. 

1 

Expressed 
as  per-    ' 

centage. 

centage.  i 

1.  Over  160  lb.  pressure 

4 

5-00 

7 

2-80 

2.  120-160  lb. 

20 

25-00 

37 

14-80 

3.  100-120  lb. 

20 

25-00 

35 

14-00 

4.  80-100  lb.          „ 

14 

17.50 

55 

22-00 

5.  60-80  lb. 

15 

18-75 

71 

28-40 

n.  Below  60  lb.     „ 

7 

8-75 

45 

18-00 

80 

100-00 

250 

10000 

The  question  of  the  working  pressure  is  not  of  much  importance 
in  connexion  with  the  economical  generation  of  steam,  but  regarding 
the  (^nestioii  of  economj,'  by  the  ecojioRiical  utilisation  of  steam  a 
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serious  national  loss  is  undoubtedly  caused  by  the  steani-prcssuic 
of  boiler  plants  being  generally  much  too  low.  Here  again,  the 
80  nicchauicully  fired  plants  have  a  slight  advantage  in  working 
conditions  as  they  have  been  applied  to  rather  more  modern  plants, 
as  indicated  by  the  higher  average  steam  pressure. 

7.  Superheaters. — Out  of  the  80  plants,  17  are  fully  equipped 
with  superheaters,  18  are  partially  equipped,  and  45  (56*25  per  cent) 
have  no  superheaters  at  all.  Similarly  as  described  with  economiscrs 
(par.  4),  these  mechanical  stoker  plants  are  obtaining  more  than 
average  assistance  for  efficiency  from  superheaters.  Thus  in  the 
250  tests,  170  plants  (68  per  cent)  were  not  fitted  with  superheaters. 

B.  Analysis  of  Advantages  and  Disadvantages. 

1,  Efficienc}/. — It  is  claimed  that  mechanical  firing  is  more 
efficient  than  hand-firing,  and  most  extraordinary  statements  on 
this  point  are  made  by  some  firms  supplying  mechanical  stokers. 
One  firm  states  that  the  average  saving  is  10-40  per  cent  of  the 
coal  bill,  and  instances  are  given  of  even  52*5  per  cent  saving. 
Another  firm  states  that  on  an  average  the  saving  obtained  in  2 
years  will  pay  for  the  cost  of  installation.  Most  mechanical-stoker 
firms  claim  that  mechanical  stoking  is  bound  to  be  more  efficient 
than  hand-firing,  because  it  is  not  necessary  to  open  the  doors  to 
clean  out.  The  details  of  tests  generally  given  in  makers'  catalogues 
are  equally  extraordinary.  Many  of  the  results  of  these  tests  are 
very  difficult  to  follow,  and  it  is  often  not  clear  whether  they  apply 
to  the  boiler  only,  or  to  cconomisers  and  superheaters  as  well. 
However,  some  specimen  results  are  78*43  per  cent  efficiency  on 
'■  Lancashire"  boilers  and  economiscrs,  and  70-02  per  cent,  72*58 
per  cent,  76*62  per  cent,  and  81*1  per  cent  on  "Lancashire" 
boilers  only,  and  so  on.  These  statements  give  the  impression  that 
such  results  arc  a  matter  of  course  if  mechanical  firing  is  adopted. 

The  average  net  working  efficiency  for  the  80  plants,  including 
economiscrs  and  superheaters,  after  deducting  the  steam  or  power 
used  to  produce  steam,  is  approximately  59*0  per  cent.  For  the 
boilers   only   the   figure   is   approximately   53*0   per   cent.     The 
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corresponding  figure  for  the  250  plants  (70  per  cent  baud  firing 
and  24  per  cent  mechanical  firing),  is  60* 09  per  cent.,  and  the 
figures  can  be  summarized  as  in  Table  3  : — 

TABLE  3. 


80  plants 
Mechanically  fired. 

250  plants 

(76  per  cent  hand 

firing  and  24  per  cent 

mechanical  firing). 

No.  of 
plants. 

Per  cent. 

No.  of 
plants. 

Per  cent. 

over  80  per  cent    . 

1 

1-25 

2 

0-8- 

75-80 

2 

2-50 

9 

3-6 

70-75 

2 

2-50 

13 

5-2 

65-70 

17 

21-25 

30 

120 

60-65 

11 

13-75 

44 

17-6 

55-60 

16 

2000 

02 

24-8 

50-55 

15 

18-75 

47 

18-8 

Less  than  50  per  cent 

16 

20-00 

43 

17-2 

i 

80 

100-00 

250 

100-0 

As  already  stated,  it  must  be  remembered  that  the  80  plants 
are  obtaining  assistance  above  the  average  from  economisers  and 
superheaters,  and  if  the  hand-fired  plants  were  equipped  to  the 
same  extent,  the  figure  of  60-09  per  cent  efficiency  would  be  about 
61-5  per  cent.  The  approximate  figures  which  the  Author  has 
for  about  350  hand-fired  "  Lancashire  "  boiler  plants  show  an 
average  net  working  efficiency  of  about  62  per  cent.  These  results 
show,  therefore,  that  mechanically  fired  plants  as  at  present  worked 
are  actually  obtaining  worse  results  than  hand-fired. 

In  the  250  tests,  190  plants  with  hand-firing  were  giving  57*8 
per  cent  efficiency  as  compared  with  60  plants  mechanically  fired 


276  MECHANICAL   STOKER   TESTS.  MARCH  1920. 

with  or  I  per  cent  cflicicncy,  but  the  latter  included  some  cliain- 
j^'iatc  stokers  on  tubular  boilers.  It  will  probably  not  be  very 
far  wrong  to  assume  that  there  is  little  or  no  difference  between 
nuHlianical  and  hand  firing  with  the  present  methods  of  running 
boiler-plants,  and  in  both  eases  the  average  net  working  efliciency, 
including  economisers  and  superheaters  and  deducting  the  steam 
or  power  used  auxiliary  to  the  production  of  steam,  is  only  about 
(50  per  cent.  The  general  idea  that  mechanical  stoking  on 
"  Lancashire "  boilers  throughout  the  country  is  giving  higher 
efficiency,  as  compared  with  hand-firing,  is  a  complete  fallacy,  and 
after  reading  the  extraordinary  results  given  in  makers'  catalogues, 
it  is  somewhat  of  a  shock  to  arrive  at  an  average  net  working 
efficiency  of,  say,  59  per  cent.  As  seen  from  Table  4,  in  actual 
jiracticc  mechanical  stoking  is  giving  all  kinds  of  results,  from 
'10-80  per  cent  efficiency,  and  typical  hand-fired  plants  will  show 
about  the  same  variation. 

The  question  of  the  quality  of  the  coal  used  is  of  the  greatest 
importance  in  considering  the  performance  of  mechanical  stokers. 
Many  of  the  results  given  in  mechanical-stoker  makers'  catalogues 
arc  admittedly  obtained  with  very  high  quality  coal,  and  with  coal 
of  this  nature  it  is  almost  as  easy  to  get  good  results  with  hand- 
firing.  If  boiler  plants  were  run  on  correct  scientific  lines,  it  is 
very  difficult  to  say  what  the  comparative  results  would  be.  If 
the  coal  is  of  good  quality  mechanical  firing  would  probably  give  a 
slight  advantage,  with  medium  quality  coal  there  would  be  no 
difference,  and  with  poor  quality  coal  hand-firing  would  have  a 
slight  advantage.  Under  modern  conditions  hand-firing  would  be 
of  course  considerably  improved,  and  average  results  of  75  per  cent 
olliciency  would  be  obtained,  so  that  the  advantages  of  mechanical 
firing  in  this  respect  can  be  regarded  as  nil. 

2,  Percentage  of  CO^. — Following  from  par,  1  it  is  claimed  that 
mechanical  stokers  give  a  higher  percentage  of  CO^  in  the  flue  gases, 
and  that  less  air  is  required  per  lb.  of  fuel  for  combustion.  For 
the  80  plants  the  approximate  average  figure  for  CO.^  is  8*25  per 
pqnt,  and  the  figures  can  be  summarized  as  follows  ;^=- 
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80  plants 
Mechanically  fired. 

250  plants,  typical  of 

the  whole  country 

(7G  per  cent  hand 

fired  and  24  per  cent 

mechanically  fired). 

No.  of 
plants. 

Nearest 
per  cent. 

No.  of 
plants. 

Nearest 
per  cent. 

1.  Very  good  over  12  per  cent 

2.  Good  10-12  per  cent 

3.  IMedium  8-10  per  cent 
j  4.  Poor  5-8  per  cent 

'  5.  Very  bad  under  5  per  cent 

3 
12 
24 
35 

5 

79* 

4 
15 
30 
45 

c 

4 

17 

G4 

144 

21 

1-G 

G-8 

25 -G 

57 -G 

S-4 

Total 

100-00 

250 

100-0 

♦  One  plant  CO,  not  determined. 

The  average  figure  for  the  250  plants  as  above  was  about  7  •  1  per 
cent,  and  for  350  eases  of  hand-firing  only  about  7 '5  per  cent. 
According  to  these  figures,  therefore,  mechanical  firing  is  giving 
very  sHghtly  better  results  than  hand-firing,  but  in  both  cases  the 
general  results  throughout  the  country  are  poor,  and  could  be 
greatly  improved.  If  modern  scientific  methods  were  adopted, 
the  Author  thinks  that  mechanical  firing  would  give  slightly  better 
results,  but  the  difference  is  not  great.  It  is  certainly  not  at  all 
correct  to  claim  any  great  advantage  for  mechanical  firing  in  this 
respect.  It  is  obviously  an  advantage  in  mechanical  firing  that 
the  fire-doors  need  never  be  opened  to  fire  the  coal  and  to  clean 
out.  This  advantage  is,  however,  largely  counterbalanced  by  the 
fact  that  on  boiler-plants,  as  generally  worked  to-day,  mechanical 
fires  tend  to  get  thin  at  the  back,  and  excess  air  is  admitted  at  this 
point.  The  net  result  is  a  slight  advantage  only  for  mechanical 
firing  as  shown  by  the  COo. 
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3.  Life  of  the  Boiler. — There  is  a  very  considerable  difference  of 
opinion  on  this  point.  It  is  claimed  that  mechanical  firing  ensures 
lonj;cr  life  for  the  boiler  because  the  fire-doors  need  not  be  opened, 
and  no  cold  air  rushes  in  to  cause  contraction  and  expansion.  This 
is  certainly  a  very  minor  claim.  From  an  academic  point  of  view 
it  is  no  doubt  correct,  but  it  is  not  of  very  much  importance  when 
it  is  remembered  that  the  average  life  of  hand-fired  "  Lancashire  " 
hoilors  is  about,  say,  20  to  25  years,  and  any  number  of  such  boilers 
now  at  work  are  30  or  even  40  years  old.  Advocates  of  hand-firing 
<laim  that  the  wear  and  tear  on  the  boiler  is  one  of  the  disadvantages 
of  mechanical  firing,  because  of  the  intense  heat  produced  on  one 
section  of  the  grate  only,  and  because  of  the  deleterious  action  of 
the  steam-jets  used.  Many  instances  are  given  of  serious  damage 
to  boilers,  chiefly  in  burning  the  furnace  "  crowns  "  of  the  boiler. 
It  would  certainly  be  far  more  just  to  say  that  mechanical  firing 
as  generally  worked  to-day  tends  to  shorten  the  life  of  the  boiler. 
If  boiler-plants  were  run  on  correct  scientific  lines,  the  Author  is 
of  the  opinion  that  there  would  be  no  appreciable  difference 
whatever  in  this  respect  between  mechanical  and  hand-firing. 

4.  Amount  of  Steam  Produced. — There  is  also  a  considerable 
difference  of  opinion  on  this  point.  Stoker  firms  generally  maintain 
that  more  steam  per  boiler  is  produced  as  compared  with  hand- 
firing.  The  statements  made  by  some  firms  are  remarkable.  For 
example,  it  is  stated  that  with  one  make  of  stoker  25-50  per  cent 
more  steam  is  obtained  and  with  another  the  amount  can  be  doubled. 
Many  advocates  of  hand-firing  are  of  the  opinion  that  mechanical 
firing  is  inferior  in  this  respect.  The  average  figure  for  the 
80  boiler-plants  is,  approximately,  600  gallons  per  boiler  per  hour, 
calculated  as  30  feet  by  8  feet  6  inches  standard  boilers.  The 
figure  for  the  250  plants  typical  of  all  industries  (76  per  cent  hand- 
firing  and  24  per  cent  mechanical  firing)  is  also  about  600  gallons, 
whilst  the  figure  for  about  350  hand-fired  plants  is  still  about  the 
same — namely,  600  gallons. 

As  boiler-plants  are  generally  worked  to-day  it  would  appear, 
therefore,  that  there  is  no  advantage  in  this  respect  in  mechanical 
firing,  and  the  extravagant  claime  such  as  25-50  per  cent  more 
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steam  are  quite  unfounded.  It  would  be  interesting  to  know  on 
what  data  the  Coal  Control  Board  makes  the  statement  that 
mechanical  firing  gives  increased  evaporation.  If  boiler-plants 
generally  were  run  on  scientific  lines,  in  the  Author's  opinion  there 
would  be  little  difference  between  mechanical  and  hand-firing,  and 
there  is  no  advantage  in  mechanical  firing  in  this  respect. 

5.  Flexibility  of  Steam  Oidput. — Opinion  on  this  point  is  very 
divided.  It  is  stated  as  one  of  the  advantages  of  mechanical  firing 
that  the  boilers  will  respond  to  fluctuating  demands  for  steam 
better  than  hand-firing.  On  the  other  hand,  it  is  maintained  by 
many  steam-users  that  mechanical  stokers  cannot  respond  as  well 
as  Land-firing,  and  that  they  are  therefore  in  this  respect  better 
adapted  for  steady  loads  only,  such  as  cotton  mills,  flour  mills,  etc. 
It  is  not  easy  to  decide  this  point  unless  most  careful  observations 
are  taken,  and  the  exact  evaporation  noted  every  half-hour.  The 
Author's  firm  have  done  this  many  times,  and  their  experience 
has  almost  invariably  been  that  with  boiler-plants  as  generally  run 
to-day  this  is  a  defect  of  mechanical  firing.  Ordinary  medium 
quality  hand-firing  will  respond  to  violent  fluctuations  in  demand 
for  steam  in  a  way  that  is  not  possible  with  mechanical  firing,  whilst 
with  good  hand-firing  there  is  hardly  any  comparison.  If  boiler- 
plants  were  run  on  correct  scientific  lines,  the  advantage  would  still 
be  with  hand-firing. 

6.  Flexibility  in  Quality  of  Fuel  Used. — Here,  again,  there  is  a 
very  great  difference  of  opinion.  Mechanical  stoker  firms  claim  that 
stokers  will  burn  all  qualities  of  coal,  even  inferior  and  refuse  coals, 
to  better  advantage  than  by  hand-firing.  Against  this  it  is  urged 
that  mechanical  firing  will  not  burn  inferior  coals  anything  like  as 
well  as  hand-firing,  whilst  at  the  same  time  the  wear  and  tear  on 
the  stokers  is  greatly  increased.  Further,  stokers  will  only  generally 
give  good  results  with  certain  qualities  of  coal  for  which  they  are 
suitable,  and  the  result  of  installing  stokers  is  to  restrict  the  coal 
market  available.  If,  for  example,  a  given  make  of  sprinkling 
stoker  is  installed,  it  is  not  possible  to  burn  any  rough  coal  (in  large 
lumps)  or  any  coal  that  is  very  wet.  If  coking  stokers  are  installed 
one  can  only  burn  "  coking  "  coal,  and  again  any  rough  coal  is 
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barred.  With  hand-firing  on  a  plant  properly  equipped  as  regards 
draught  any  quality  of  coal  can  be  burnt,  according  as  the  best 
value  is  oflered. 

With  regard  to  the^claim  that  mechanical  firing  will  burn  low- 
grade  coal  more  cfliciently  than  hand-firing,  the  80  i)lants,  as  seen 
from  Table  M  (pages  298-313),  include  a  great  variety  of  coal  from 
high-class  washed  nuts  of  13,033  B.Th.U.  and  G  per  cent  ash,  to 
very  inferior  coal  of  8,500  B.Th.U.  and  19  per  cent  ash.  The 
Author's  experience  is  that  the  idea  that  mechanical  firing  will  burn 
inferior  coals  on  "  Lancashire  "  boilers  more  efficiently  than  hand- 
tiring  b  entirely  unfounded,  and  is,  in  fact,  the  exact  reverse  of  the 
true  circumstances  of  the  case.  The  advantage  in  this  respect  with 
boiler  plants  as  worked  to-day  is  with  hand-firing.  It  must  first 
of  all  be  remembered  that  no  mechanical  stoker  will  handle  at  all 
many  low  grades  of  fuel.  For  example,  "  washer  settlings  "  from 
coal-washing  machines,  containing  25-30  per  cent  of  water,  can 
only  be  burnt  on  "  Lancashire  "  boilers  by  hand-firing,  and  fine 
coke  refuse  cannot  be  burnt  on  coking  stokers. 

Taking  the  inferior  coals  that  can  be  handled  by  mechanical 
stokers,  it  will  be  found  that  the  efficiency  of  mechanically  fired 
plants  is  no  better,  and  often  worse,  than  hand-fired.  The  Coal 
Control  Board  has  gone  to  the  length  of  recommending  mechanical 
fitoking  for  collieries,  where  the  conditions  as  regards  inferior  fuel 
are  the  worst  of  all  industries,  and  again  it  would  be  interesting  to 
know  on  what  data  it  has  based  this  opinion.  If  modern  scientific 
methods  were  adopted,  the  same  conditions  would  apply,  and 
generally  the  difficulties  of  mechanical  stoking  increase  as  the 
quality  of  the  coal  decreases. 

7.  Amount  of  Fuel  Burned. — Stoker  firms  usually  claim  that 
not  only  is  mechanical  firing  more  efficient  than  hand-firing,  and 
therefore  more  steam  2)roduced  per  lb.  of  coal,  but  also  more  coal 
is  burnt  per  boiler,  and  therefore  the  total  steam  output  greatly 
increased.  On  the  80  tests  the  average  coal  consumption  per 
boiler  is  roughly  938  lb.  of  coal  per  hour,  and  24-3  lb.  of  coal  per 
sq.  ft.  of  grate  area  per  hour.  The  figures  for  the  250  plants 
(7G  pel   cent  hand-firing  and   21  per   cent  mechanical   firing)   are 
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798-8  lb.  of  coal  per  boiler  per  hour,  and  20*9  lb.  per  sq.  ft.  of  grate 
area  per  hour.  The  average  for  about  350  plants,  hand-fired 
"  Lancashire  "  boilers,  is  found  to  be  approximately  700  lb.  of  coal 
per  boiler  per  hour  and  19*5  lb.  per  sq.  ft.  of  grate  area. 

There  seems  to  be  no  doubt,  therefore,  that  very  generally 
mechanical  stokers  are  burning  more  coal  per  boiler  per  hour  than 
hand-firing,  on  boiler-plants,  as  generally  worked  in  the  country 
at  present.  If  both  mechanically  fired  and  hand-fired  plants  were 
worked  on  correct  scientific  lines,  it  is  somewhat  difiicult  to  say 
whether  mechanical  firing  would  have  an  advantage  in  this  respect. 
On  good  quality  coal  the  Author  would  say  there  was  very  little 
difference,  and  1,000  lb.  average  quality  coal  per  30  feet  by  8  feet 
6  inches  boiler  per  hour  could  be  burnt  by  either  method  of  firing. 
As  the  coal  becomes  inferior  in  quality,  the  advantage  as  regards 
amount  of  coal  burnt  decreases  with  mechanical  firing,  until  a  point 
is  reached  when  mechanical  firing  will  not  handle  the  coal  at  all, 
and  hand-firing  must  be  resorted  to. 

8.  Black  Smoke. — Most  stoker  firms  claim  that  black  smoke  is 
either  completely  abolished  or  greatly  reduced.  The  figures  for 
the  80  plants  can  be  approximately  simimarized  as  follows,  with 
the  figures  for  250  plants  as  a  comparison  : — 

TABLE  5. 


80  plants 
Mechanically  fired. 

250  plants 

(76  per  cent  hand 

fired  and  24  per  cent 

mechanically  fired). 

No.  of 
plants. 

Per  cent. 

No.  of 
plants. 

Per  cent. 

Good 

Fairly  good  .... 
Medium        .... 

Bad 

Chronic         .... 

23 

31 

24 

2 

0 

28-75 

88-75 

30-00 

2-50 

000 

65 
62 

75 

43 

5 

26-0 
24-8 
30-0 
17-2 
20 

Total 

80 

100-00 

250             100-0 

1 
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The  results  show,  therefore,  that  mechanical  firing  is  giving 
better  results  from  the  point  of  view  of  black  smoke  than  hand-firing, 
as  boilcr-j)lants  generally  are  being  worked  to-day.  This  appears 
to  be  due  to  the  fact  that  the  fires  are,  as  a  rule,  somewhat  thinner. 
If  boiler-])lant  were  operated  on  scientific  lines,  there  would  be 
jirobahiy  very  little  difference  between  mechanical  and  hand-firing. 
Many  hand  jjlants  are  working  to-day  almost  completely  smokeless, 
and  if  better  wages  and  more  attention  were  j)aid  to  stokers,  and 
adequate  draught  provided,  black  smoke  would  disappear  on  both 
mechanically  and  hand-fired  plants. 

9.  Cost  of  Up-Kcep. — Most  firms  of  stoker  makers  state  that 
the  cost  of  up-keep  is  practically  nil.  For  example,  one  catalogue 
gives  the  cost  of  up-keep  as  absolutely  nil  for  four  years,  and  practically 
nil  for  11  years.  One  make  of  stoker  is  stated  to  have  the  cost 
of  up-keep  almost  eliminated,  and  another  firm  states  that  some  of 
its  stokers  have  been  working  for  thirty-eight  years.  Advocates  of 
hand-firing,  however,  state  that  the  cost  of  up-keep  is  very  serious, 
not  only  from  the  point  of  view  of  continual  expense  in  replacing 
parts  burnt  out  or  damaged,  but  also  because  of  stoppages  and  the 
cost  of  labour  in  executing  the  repairs. 

In  the  Author's  opinion,  this  is  undoubtedly  one  of  the 
disadvantages  of  mechanical  firing,  and  is  an  inherent  defect  that 
cannot  be  got  over.  A  complicated  machine  like  a  mechanical 
stoker,  in  combination  with  a  red-hot  furnace,  is  bound  to  cost 
money  in  up-keep  and  repairs.  ■  As  boiler-plants  are  being  worked 
to-day,  there  is  a  very  great  difference  in  the  cost  of  up-keep  of 
mechanical  stokers  on  one  boiler-plant  compared  with  another, 
and  consequently  there  is  a  considerable  difference  of  opinion. 
The  idea  is  fostered  by  some  mechanical-stoker  firms  that  the  cost 
of  up-keep  is  in  all  cases  practically  nil.  It  is  not  always  easy  to 
get  authentic  figures  for  the  cost  of  up-keep,  as  in  most  cases  steam- 
users  do  not  keep  very  good  records  of  their  plant  costs,  and  are 
reluctant  to  give  figures  when  these  are  much  more  than  what  they 
were  led  to  believe  when  the  stokers  were  installed.  Again,  the 
cost  of  up-keep  may  be  very  low  for  the  first  year  or  so,  but  is  apt 
to  increase  considerably  after  a  few  years'  running. 
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Bearing  all  these  factors  in  mind,  the  Author  thinks  that  on 
to-day's  price  a  rough  average  of  £iO  per  stoker  per  annum  over 
and  above  the  cost  of  up-keep  of  ordinary  fire-bars  for  hand-firing 
would  be  a  reasonable  figure.  That  is  to  say,  on  an  average  plant 
of  6  boilers,  £240  per  annum  would  be  spent  in  replacing  worn  out 
and  damaged  parts.  Of  course  in  many  cases  the  figure  is  much 
worse  than  this,  and  in  other  cases  the  figure  is  remarkably  low, 
even  as  small  as,  say,  £10  per  annum.  A  great  deal  depends  on 
the  conditions,  as  to  whether  the  plant  is  working  easily  or  not, 
and  on  the  nature  of  the  coal  burnt,  together  with  the  amount  of 
attention  given.  If  modern  scientific  methods  were  adopted,  these 
costs  could  be  kept  down  to  a  minimum,  say,  averaging  £25  per 
boiler  per  annum,  and  this  disadvantage  in  itself  would  not  be  very 
serious.  On  6  "  Lancashire "  boilers,  with  a  coal  bill  of,  say, 
£18,000  per  annum,  this  would  correspond  to  £150  per  annum,  or, 
say,  0-8  per  cent.  It  is  very  foolish,  however,  to  argue  that  this 
cost  is  practically  nil,  especially  in  view  of  the  fact  that  hundreds 
of  mechanical  stokers  have  been  scrapped  for  this  reason 
alone. 

10.  Steam-Jets. — ^Mechanical-stoker  firms  say  little  about  this 
item,  but  the  assumption  is  that  the  amount  is  negligible  ;  one 
firm,  however,  gives  the  figure  as  4  to  5  per  cent  of  the  production. 
Opponents  of  mechanical  firing,  in  reply,  state  that  is  a  most 
objectionable  element  in  mechanical  firing,  although  no  very 
definite  figures  have  been  given  as  to  the  amount  of  steam  used. 
These  jets  are  generally  used  to  prevent  the  reciprocating  bars 
being  burnt  out,  and  in  many  cases  also  to  assist  the  draught. 
As  will  be  seen  from  Table  14,  the  question  of  steam-jets  is 
undoubtedly  a  serious  defect  in  mechanical  firing.  In  estimating 
the  figure  for  the  percentage  of  steam  used  of  the  total  production 
of  the  plant,  the  actual  horse-power  taken  to  drive  the  stokers 
themselves  has  been  omitted  as  being  almost  negligible,  the  auxiliary 
steam  being  used  in  the  form  of  steam- jets  under  or  over  the  bars. 
The  approximate  average  figure  for  the  80  tests  amounts  to  6 . 7  per 
cent  of  the  total  steam  production  of  the  plant,  which  steam, 
from  the  point  of  view  of  efficiency,  can  be  regarded  as  completely 

u  2 
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wasted  in  comparison  with  ordinary  band-firing.     The  figures  on 
analysis  are  as  follows  : — 


0-2J  per  cent  of  production 

21-5 , 

5-7A , 

7*-10„ 

over  10  per  cent  of  production 


No.  of  Per 

Plants,  cent. 

y=  11-25 

33  =  41-25 

17=  21-25 

11  =  13-75 

10:=  12-50 


80  100-00 


These  figures,  of  course,  apply  to  "all  makes  of  stokers  averaged 
together.  There  is,  however,  a  very  great  difference  between 
individual  makes  of  stokers  in  this  respect.  The  Author  has  dealt 
at  some  length  with  the  amount  of  steam  taken  by  steam-jets  in  a 
recent  article  in  Engineering  ("  Exact  Data  on  the  Running  of 
Steam  Boiler-Plants. — No.  3.  The  Amount  of  Steam  Used  by  Steam- 
Jets,"  IGth  January  1920)  giving  the  results  obtained  from  the 
investigation  of  130  boiler  plants,  including  11  different  types  of 
hand-fired  furnaces,  and  8  different  types  of  mechanical  stokers. 

The  results  of  the  80  tests  can  be  summarized  as  follows  : — 

SprinJiUng  Stokers  :  Type  A. — The  steam-jet  apparatus  consists 
essentially  of  a  varying  number  of  jets,  20  to  37,  or  approximately 
^'V  inch  to  ^  inch  holes  on  |-inch  steam-pipe  per  furnace  (that  is, 
40  to  74  per  "  Lancashire  "  boiler).  Jets  situated  under  the  back 
of  the  furnaces  on  full  boiler  pressure  and  steam  supply  regulated 
with  a  hand-valve,  which  is  generally  very  little  ojien. 

The  average  steam  consumption  on  26  plants  fitted  with  this 
type  of  stoker  is  about  5  per  cent  of  the  production,  divided  as 
follows  in  Table  6. 

Type  B. — The  steam -jet  apparatus  consists  essentially  of  6  to  8 
jets  of  approximately  ,\r  inch  to  I  inch  holes  on  |-inch  steam-pipe 
per  furnace  (that  is,  12  to  16  jets  per  boiler  on  "  Lancashire  boilers  "). 
The  jets  are  situated  under  the  front  of  the  furnace  on  full  boiler- 
pressure,  and  the  steam  supply  regulated  with  a  hand-valve,  which 
is  generally  full  open. 

The  average  steam-consumption  on  16  plants,  fitted  with  this 
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TABLE 

6. 

Plant  No. 

No.  of 
boilers. 

Evaporation 

per  boiler  per 

hour. 

Steam- 
pressure. 

Steam  produc- 
tion used  by 
the  jets. 

1 

lb. 

Per  cent. 

22 

3 

5,057 

101 

0-50 

42 

2 

4,735 

110 

2-10 

2         i 

2 

9,190 

159 

2-10 

38        ! 

2 

7,062 

110 

2-50 

73    ; 

2 

3.016 

74 

2-60 

54        i 

2 

3,073 

112 

2-70 

21 

8 

8,193 

159 

2-75 

69 

3 

3,257 

101 

2-75 

35 

1 

8,734 

103 

3-00 

47 

1 

7,457 

100 

3-20 

1 

2 

11,146 

157 

3-25 

17 

2 

4,305 

122 

3-40 

20 

4 

5,316 

96 

3-50 

60 

3 

3,182 

74 

3-50 

66 

3 

2,555 

75 

3-50 

75 

7 

4,907 

62 

3-60 

18 

3 

5,833 

110 

3-75 

28 

6 

5,366 

86 

3-80 

58 

2 

5,789 

104 

4-12 

4 

4 

7,350 

78 

4-90 

39 

2 

3,363 

141 

5-30 

8 

2 

6,714 

153 

6-50 

32 

4 

6,769 

110 

7-30 

14 

1 

3,929 

85 

9-40 

48 

3 

4,311 

77 

13-50 

79 

7 

4,343 

67 

15  10 
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typi'  of  stoker,  is  about  D.2D  per  cent  of  the 
as  follows  : — 

TABLE  7. 


Makck   19-H». 

production,  divided 


riaut  No. 

No.  of 
boilers. 

l''vap«ration 

per  boiler  per 

hour. 

Steam- 
pressure. 

Steam  produc- 
tion used  by 
the  jets. 

lb. 

Per  cent. 

55 

2 

7,054 

147 

0-55 

40 

2 

8,487 

80 

2-96 

27 

3 

6,382 

93 

3-10 

30 

3 

4,659 

58 

3-20 

43 

1 

7,463 

116 

3-50 

49 

2 

3,598 

86 

3-80 

25 

3 

6,073 

88 

4-30 

65 

6 

6,229 

127 

4-34 

80 

2 

2,212 

42 

4-47 

50 

3 

6,255 

135 

4-93 

53 

3 

6,046 

154 

5-95 

13 

3 

5,943 

108 

6-25 

29 

4 

6,915 

100 

6-50 

72 

2 

5,601 

130 

8-90 

51 

4 

6,316 

80 

9-00 

46 

' 

7,002 

148 

10-00            . 

Ti/jje  C. — The  steani-jet  apparatus  consists  essentially  of  22  jets 
of  approximately  ^\  inch  holes  on  |-inch  steam-pipe  per  furnace 
(that  is,  44  jets  j)er  boiler  on  "  Lancashire  "  boilers).  The  jets  are 
situated  under  the  furnaces  at  the  back  on  full  boiler-pressure. 
Steam-supply  is  regulated  with  a  hand-valve,  which  is  generally  kept 
very  little  open.  The  average  steam-consumption  on  7  plants 
fitted  with  this  type  of  stoker  is  about  .5-06  per  cent  of  the 
production,  divided  as  follows  : — 
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Plant  No. 

No.  of 
boilers. 

Evaporation 

per  boiler  per 

hour. 

Steam- 
pressure. 

Steam  produc- 
tion used  by 
the  jets. 

45 

44 
•         37 
15 
56 
7 
78 

5 
2 
3 
6 
2 
3 
2 

lb. 
7,557 

3,167 

4,376 

6,144 

5,754 

6,421 

2,848 

161 
93 
59 
61 
82 
51 
96 

Per  cent. 
2-50 

3-40 

3-50 

4-20 

4-40 

5-40 

17-20 

Coking  Stokers  {Overfeed) :    Type  A. — The  steam-jet  apparatus 

consists  essentially  of  37  jets  of  approximately  ^^^  inch  holes  in  a 

special  casting  per  furnace  (that  is,  74  jets  per  boiler  on  "  Lancashire  " 

boilers).     The  jets  are  situated  under  the  furnace  at  the  back  on 

full  boiler-pressure,  but  the  steam-pipe  connected  to  the  casting  is 

much  restricted  at  one  point  inside,  so  that  the  total  amount  of 

steam  passing  is  small.     The  supply  can  also  be  regulated  with  a 

hand-valve.     The  average  steam  consumption  on  4  plants  fitted  with 

this  type  of  stoker  is  about  2  •  3  per  cent  of  the  production,  divided 

as  follows : — 

TABLE   9. 


:  Plant  No. 

No.  of 
Boilers. 

Evaporation 

per  boiler  per 

hour. 

Steam 
Pressure. 

Steam  produc- 
tion used  by 
the  jets. 

5 
62 
59 
26 

2 
1 
5 
4 

lb. 
8,059 

7,906 

6,037 

4,081 

189 

150 

90 

52 

Per  cent. 
1-30 

2-25 

2-50 

2-70 
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Type  B. — The  steam-jet  apparatus  consists  essentially  of  4  jets 
of  approximately  J  inch  holes  per  furnace  under  the  furnace  at  the 
front,  and  2  jets  per  furnace  approximately  J  inch  holes  over  the 
furnaces  (that  is,  12  jets  per  boiler  on  "  Lancashire  "  boilers).  All 
on  full  boilcr-prcssure  on  f-inch  steam-pipe,  and  steam-supply 
regulated  with  a  hand-valve. 

TABLE  10. 


Plant  No. 

No.  of 
Boilers. 

Evaporatiou 

per  boiler  per 

hour. 

Steam 
Pressure. 

Steam  produc- 
tion used  by 
the  jets. 

71                   3 

lb. 
5,144 

113 

Per  cent. 
13-8 

Type  C. — The  steam- jet  apparatus  consists  essentially  of  15  to 
16  jets  of  3^  inch  holes  underneath  the  furnace  at  the  back,  15  to  16 
jets  of  3^  inch  holes  underneath  the  furnace  at  the  front,  and  often 
one  large  jet,  generally  a  |-inch  steam-pipe  flattened  at  the  end, 
over  the  top  of  the  furnace  (that  is,  62  to  66  jets  per  boiler  on 
"  Lancashire "  boilers).  All  jets  generally  on  |-inch  steam-pipe 
on  full  boiler-pressure,  and  with  steam-supply  regulated  with  a 
hand- valve.  The  average  steam  consumption  on  13  plants  fitted 
with  this  type  of  stoker  is  about  8  per  cent  of  the  production, 
divided  as  follows  : — 
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Plant  No. 

No.  of 
Boilers. 

Evaporation 

per  boiler  per 

hour. 

Steam 
Pressure. 

Steam  produc- 
tion used  by 
the  jets. 

lb. 

Per  cent. 

6 

3 

6,997 

144 

0-00 

10 

1 

4,659 

107 

1-50 

11 

16 

9,528 

105 

3-47 

12 

5 

7,312 

102 

5-75 

3 

16 

4,347 

102 

7-47 

67 

2 

6,431 

90 

7-60 

74 

i 

2,990 

75 

8-00 

19 

5 

5,933 

106 

9-25 

63 

1 

5»393 

54 

9-60 

76 

3 

5,408 

84 

9-60 

36 

2 

6,583 

147 

10-40 

52 

2 

5,915 

160 

17-60 

68 

6 

6,861 

81 

21-40 

Type  D. — The  steam- jet  apparatus  consists  essentially  of  9  jets 
of  approximately  |-inch  holes  on  |-inch  steam-pipe  per  furnace 
(that  is,  18  jets  per  boiler  on  "  Lancashire  "  boilers)  underneath  the 
furnace  at  the  back.  All  jets  on  full  boiler-pressure  and  steam- 
supply  regulated  with  a  hand-valve. 

TABLE  12. 


Plant  No. 

No.  of 
Boilers. 

Evaporation 

per  boiler  pet 

hour. 

Steam 
Pressure. 

Steam  produc- 
tion used  by 
the  jets. 

16 

■ 

3 

lb. 
7,737 

78 

Per  cent. 
7-20 
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T//;>r  E  consists  essentially  of-  7  jets  of  approximately  ,\,  inch  to 
I  inch  holes  on  J-inch  stcain-pii)e  per  furnace  (that  is,  14  jets  per 
boiler  on  "  Lancashire  "  boilers).  Jets  are  situated  under  the  front 
of  the  furnaces  on  full  boiler-pressure,  and  the  steam-supply  is 
regulated  with  a  hand-valve,  which  is  generally  full  open. 

The  average  steam  consumption  on  9  plants  with  this  type  of 
stoker  is  about  7  •  5  per  cent  of  the  production,  divided  as  follows : — 


TABLE 

13. 

Plant  No. 

No.  of 
Boilers. 

Evaporation 

per  boiler  per 

hour. 

Steam 
Pressure. 

Steam  produc- 
tion used  by 
the  jets. 

lb. 

Per  cent. 

57 

2 

4,463 

187 

3-92 

21 

10 

6,927 

137 

4-52 

41 

4 

7,702 

98 

5-60 

61 

4 

4,211 

74 

6-02 

23 

13 

7,401 

112 

6-60 

9 

3 

5,946 

114 

7-02 

61 

9 

4,955 

80 

7-30 

34 

3 

7,382 

145 

8-00 

33 

15 

6,533 

157 

11-35 

Coking  Stoker  {Underfeed). — In  considering  "  underfeed  "  coking 
stokers,  whilst  these  do  not  use  steam- jets,  the  forced  draught  used 
must  be  included  purely  as  auxiliary  steam.  The  reason  is  that 
this  type  of  stoker  will  not  work  with  a  chimney  draught,  whereas 
the  ordinary  overfeed  type  of  coking  stoker  and  sprinkling  stokers 
work  quite  well  with  a  chimney  only.  Further,  a  certain  type  of 
underfeed  stoker  (Type  A)  has  a  special  arrangement  of  steam- 
driven  ram  which  uses  very  much  more  steam  than  the  ordinary 
drive  of  mechanical  stokers  (which  can  be  regarded  as  negligible). 
In  this  case,  the  total  steam,  including  the  forced  draught,  was 
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10-9  per  cent  of  the  production.     In  type  B,  forced  draught  only, 
the  average  figure  was  2-65  per  cent  (average  of  two  plants). 

The  most  striking  fact  is  the  enormous  differences  between  the 
amounts  of  steam  used  by  steam-jets  on  mechanical  stokers  on 
different  plants  ;  thus,  the  lowest  figure  was  only  0*50  per  cent  of 
the  production,  whilst  out  of  the  80  plants,  36  plants  have  an 
annual  coal  bill  of  300  tons  (equal  to,  say,  £450  per  annum,  or  over) 
solely  taken  up  by  supplying  steam  to  the  jets.  It  is  almost 
incredible  that  individual  firms  of  high  repute  should  be  squandering, 
say,  1,000  to  5,000  tons  of  coal  per  annum  on  steam- jets  alone 
without  the  slightest  system  of  control  over  this  expenditure.  This 
question  of  steam-jets  is  a  striking  example  of  the  necessity  of 
scientific  methods  in  the  fire-hole,  especially  when  there  are  instances 
of  one  firm  using  5  per  cent  of  the  production  and  another  firm 
15  to  20  per  cent  with  the  same  make  of  stoker. 

If  modern  scientific  methods  were  adopted,  the  average  figure  of 
6"7  per  cent  of  the  production  could  be  considerably  reduced.  The 
present  high  figure  is,  as  usual,  due  to  two  reasons,  namely,  defective 
design  of  some  makes  of  stokers,  and  lack  of  proper  methods  of 
working  stokers  on  the  part  of  the  steam-users.  If  modern  scientific 
methods  of  boiler-plant  control  were  adopted,  certain  types  of  stoker 
would  very  rarely  be  used  on  boiler- plants  at  all,  and  for  the  remaining 
types  the  figure  could  be  brought  down  to,  say,  3|  per  cent  of  the 
production.  This  latter  is,  therefore,  an  inherent  defect  in  mechanical 
firing. 

11.  Cost  of  Labour. — It  is  invariably  maintained  that  mechanica 
stokers  result  in  a  considerable  saving  in  labour.  In  the  Author's 
opinion  the  general  claims  made  in  this  respect  are  an  exaggeration. 
In  the  first  place  it  must  be  remembered  that  a  large  number  of 
mechanical  stokers  are  installed  without  coal  elevating-gear.  On 
any  small  boiler  plant  up  to,  say,  4  "  Lancashire  "  boilers  the 
saving  in  labour  is  nil.  For  such  a  plant,  hand-fired  under  average 
conditions,  2  firemen  do  the  work  per  shift  and  wheel  their  own 
ashes.  If  mechanical  stokers  are  installed  without  elevators,  all 
the  coal  has  to  be  thrown  up  into  the  hoppers  in  addition  to  getting 
out  the  ashes  and  wheeling  them  away.    Two  men  will  still  be 
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required,  and  even  if  coal  elevating-gear  is  installed,  one  man 
cannot  look  after  1  boilers  and  wheel  away  all  the  ashes.  In  practice 
the  same  2  men  are  still  necessary,  and  the  cost  of  labour  is  exactly 
the  same.  The  only  difference  is  that  the  2  men  have  an  easier 
time,  which  is,  of  course,  an  advantage,  but  the  labour  bill  is  no 
less.  Even  with  a  comparatively  large  plant  of  8  boilers  the  saving 
is  not  very  much.  Such  a  plant  on  hand-firing  would  have,  say, 
4  firemen,  but  with  mechanical  firing  and  elevators  2  men  can 
hardly  look  after  8  stokers,  and  in  practice  3  men  would  be  required. 
The  saving,  therefore,  would  be  one  man's  wages  per  shift.  It  is 
possible  also  that  in  most  cases  this  same  saving  would  be  obtained 
on  a  plant  of  6  boilers,  which  is  about  the  average  sized  plant. 
On  plants  larger  than  8  boilers  the  saving  begins,  of  course,  to  be 
considerable.  For  example,  a  plant  of  12  boilers  would  require 
6  men  per  shift  for  hand-firing  and,  say,  1  man  to  keep  ash-wheeling. 
With  mechanical  stokers  and  coal-elevators,  and  at  the  same  time 
an  ash-elevator,  3  men  could  look  after  the  whole  installation,  thus 
saving  the  labour  of  4  men  per  shift.  On,  say,  2  shifts  of  24  hours, 
this  would  mean  a  saving  of  about  £1,250  per  annum  on  a  total 
coal  bill  of,  say,  £43,000  per  annum,  or,  say,  3  per  cent  of  the 
coal  bill.  The  great  majority  of  the  boiler  plants  of  the  country 
consist  of  6  boilers  or  less,  and  the  saving  in  labour  therefore  due 
to  mechanical  stoking  applies  only  to  a  very  restricted  field. 

12.  Skilled  Attention. — Some  mechanical-stoker  firms  claim  that 
no  special  skilled  attention  is  required  and  that  the  stokers  are 
largely  automatic  and  "  fool-proof."  Many  steam-users,  however, 
object  to  mechanical  stoking  on  the  ground  that  they  have  to 
engage  much  more  skilled  attendants.  This  is  in  itself  really  no 
drawback  at  all  to  mechanical  firing,  and  all  modern  methods  of 
scientific  control  in  the  fire-hole  tend  to  more  complications,  and 
therefore  more  skilled  attention.  It  is,  however,  very  foolish  for 
some  mechanical-stoker  firms  to  claim  "  no  skilled  attention  "  as 
an  advantage. 

13.  Better  Conditions  in  the  Fire- Hole. — It  is  a  minor  claim  that 
with  mechanical  firing  the  labour  conditions  in  the  tire-hole  are 
greatly  improved,  and  the  heavy  work  of  "  cleaning  out "  by  hand 
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is  avoided.  This  is  undoubtedly  a  big  advantage  for  mechanical 
firing.  Advocates  of  mechanical  firing,  as  a  rule,  say  little  or 
nothing  about  it,  but  it  is  really  the  chief  advantage.  Hand-firing 
is  very  laborious,  especially  in  "  cleaning  out,"  and  this  is  going  to 
be  a  big  point  in  view  of  labour  difficulties  in  connexion  with 
improved  conditions  of  working. 

One  of  the  points  in  modern  methods  of  steam-generation  is  to 
have  good  working  conditions,  and  it  is  impossible  to  get  the  best 
results  otherwise.  Many  boiler  fire-holes  to-day,  both  with  hand 
and  mechanical  firing,  are  in  a  disgraceful  condition  in  this  respect. 
If,  however,  modern  scientific  methods  were  adopted,  and  hand- 
firing  conditions  radically  improved,  the  advantage  undoubtedly 
still  remains  with  mechanical  firing.  Mechanical  firing  also  lends 
itself  particularly  well  to  automatic  coal-handling. 

14.  Capital  Outlay,  Interest,  and  Depreciation.  —  Another 
important  factor  is  the  initial  capital  outlay  and  interest  on  the 
money,  together  with  depreciation,  and  this  is  obviously  an  inherent 
disadvantage  of  mechanical  firing.  Taking,  again,  an  average 
sized  plant  of  6  boilers,  mechanical  stokers  with  coal-elevator  and 
accessories  will  cost,  say,  £2,500.  Interest  at  6  per  cent  on  this 
outlay  is  £150  per  annum,  and  taking  12  years  of  life  as  a  reasonable 
figure,  this  corresponds  to,  say,  another  £200  per  annimi,  apart  from 
the  constant  repairs  of,  say,  £240  per  annum  already  mentioned. 
The  coal  bill  for  such  a  plant  on  2  shifts  per  24  hours  would  be  about 
£18,000,  so  that  the  above  two  items  would  swallow  up,  say,  2  per 
cent  saving  in  the  coal  bill. 

Based  on  these  80  tests  the  advantages  or  otherwise  of  mechanical 
firing  can  be  summarized  as  follows  : — ■ 

1.  Efficiency. — As  boiler-plants  are  worked  to-day,  mechanically 
fired  plants  are  actually  giving  inferior  results  to  hand-firing, 
although  the  difference  is  not  great.  If  boiler-plants  were  rim  on 
correct  scientific  lines  there  is  no  particular  advantage  in  mechanical 
firing. 

2.  CO.^. — As  boiler-plants  are  worked  to-day,  mechanically-fiired 
plants  are  giving  slightly  better  results.    If  boiler-plants  were  run 
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on  correct  scientific  lines,  mechanical  firing  would  still  give  slightly 
better  results,  but  the  advantage  is  not  great. 

3.  Life  of  the  Boiler. — There  is  no  appreciable  difference  between 
mechanical  and  hand-firing  in  this  respect. 

4.  Amount  of  Steam  Produced. — As  boiler- plants  are  worked 
to-day  mechanically-fired  plants  are  giving  about  the  same  results 
as  hand-firing.  If  boiler-plants  were  run  on  correct  scientific  lines 
there  would  still  be  no  advantage  in  mechanical  firing. 

5.  Flexibility  in  Steam  Output. — It  is  a  defect  of  mechanical 
firing  that  it  will  not  respond  to  violent  fluctuations  in  the  demand 
for  steam  as  well  as  hand-firing. 

G.  Flexibility  in  Quality  of  Fuel  used. — It  is  an  inherent  defect 
in  mechanical  firing  that  it  is  not  "  flexible  "  from  the  point  of  view 
of  burning  all  qualities  of  coal.  It  is  also  a  defect  of  mechanical 
firing  as  boiler-plants  are  worked  to-day  that  it  will  not  burn  all 
grades  of  inferior  coal  as  efficiently  as  hand-firing,  and  the  same 
would  apply  if  modern  scientific  methods  were  adopted. 

7.  Amount  of  Fuel  Burnt. — As  boiler-plants  are  worked  to-day, 
it  is  an  advantage  of  mechanical  firing  that  somewhat  more  coal  is 
burnt  per  boiler.  If  modern  scientific  methods  were  adopted,  there 
would  probably  be  little  difference. 

8.  Black  Smoke. — As  boiler-plants  are  worked  to-day,  it  is  an 
advantage  of  mechanical  firing  that  less  black  smoke  is  produced. 
If  modern  scientific  methods  were  adopted,  black  smoke  would  be 
abolished  for  both  mechanical  and  hand  firing. 

9.  Cost  of  Up-keep. — This  is  an  inherent  disadvantage  of 
mechanical  firing,  much  greater  than  is  generally  supposed. 

10.  Steam-Jets. — As  boiler-plants  are  generally  worked  to-day, 
this  is  a  most  serious  disadvantage  of  mechanical  firing,  and  the 
cost  of  working  these  steam- jets  is  enormously  greater  than  is  generally 
realized.  If  modern  scientific  methods  were  adopted,  this  would 
still  be  a  decided  disadvantage. 

11.  Cost  of  Labour. — The  advantages  claimed  for  mechanical 
firing  in  this  respect  only  apply  in  a  comparatively  few  cases,  that 
is,  in  large  boiler-plants  of,  say,  8  "  Lancashire  "  boilers  or  over. 
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12.  Skilled  Attention. — More  skilled  attention  is  required  as 
compared  with  hand-firing,  although  this  can  hardly  be  called  a 
minor  disadvantage  of  mechanical  firing. 

13.  Better  Conditions  in  the  Fire-hole. — This  is  one  of  the  chief 
advantages  of  mechanical  firing,  and  is  much  greater  than  is  usually 
thought,  in  view  of  labour  conditions. 

14.  Capital  Outlay,  Interest  and  Depreciation. — This  is,  of  course, 
an  inherent  disadvantage  of  mechanical  firing,  which  cannot  be 
obviated  in  comparison  with  hand-firing. 

It  will  be  seen,  therefore,  that  a  proper  consideration  of  the 
advantages  or  otherwise  of  mechanical  firing  as  applied  to 
'*  Lancashire  "  boilers  is  a  most  complicated  undertaking.  It  is 
not  easy  to  decide  whether  for  a  given  "  Lancashire  "  boiler-plant 
mechanical  firing  is  advisable,  and  very  many  factors  have  to  be 
taken  into  account.  Each  boiler-plant  has  to  be  considered  entirely 
on  its  merits,  and  hardly  any  two  plants  are  alike.  Speaking  very 
generally,  however,  the  advantages  of  mechanical  firing,  as  applied 
to  "  Lancashire "  boilers  are  greatly  exaggerated,  and  even  if 
mechanical  firing  is  the  best  for  a  given  plant,  it  is  still  a  complicated 
proceeding  to  decide  which  make  of  stoker  is  the  best  for  the 
particular  conditions. 

Turning  now  to  the  saving  to  be  effected  by  adopting  more 
up-to-date  methods,  as  already  stated,  a  proper  engineering  census 
of  the  country  is  "needed,  and  it  is  therefore  not  possible  to  give 
exact  figures.  Taking,  however,  the  annual  coal  consumption  of 
Great  Britain,  for  steam  generation  only,  as  75,000,000  tons  to 
100,000,000  tons,  and  assuming  25  per  cent  of  this  is  burnt  by 
mechanical  stokers,  the  national  coal  bill  mechanically  fired  would 
be  18,750,000  tons  to  25,000,000  tons  per  annum.  Taking,  again, 
say,  75  per  cent  of  this  figure  for  "  Lancashire  "  boilers  only,  one 
is  left  with,  say,  14,000,000  tons  to  18,750,000  tons,  which  is  being 
burnt  with  a  net  working  efficiency  of,  say,  59  per  cent.  The  Author 
maintains  that,  as  a  result  of  many  years'  practical  experience  of 
up-to-date  methods  of  steam  generation,  an  average  boiler-plant 
can  be  run  on  75  to  82  per  cent  efficiency  with  ordinary  steam  coals 
or  coke,  depending  on  the  particular  conditions  of  the  ]»lant.     With 
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purely  refuse  fuels,  the  best  eflficiency  possible  may  be  only,  say, 
65  per  cent  to  70  per  cent,  but  for  all  practical  purposes  75  per  cent 
net  working  efficiency  may  be  taken  as  the  average  figure  to  be 
obtained  on  continuous  performance,  and  this  applies  roughly  to 
both  mechanical  and  hand  firing.  Thus,  in  the  80  tests,  3  plants 
are  already  running  at  75  per  cent  efficiency  or  over,  and  5  plants  at 
over  72  per  cent. 

On  the  annual  coal  consumption  of  14,000,000  tons  to  18,750,000 
tons  with  59  per  cent  efficiency,  if  all  these  mechanically-fired  plants 
were  brought  up-to-date  and  run  on  scientific  lines  with  a  net  working 
efficiency  of  75  jicr  cent,  the  saving  would  be  21  per  cent  of  the 
coal  bill,  that  is,  2,940,000  tons  to  3,937,000  tons  per  annum.  That 
is  to  say,  the  "  Lancashire  "  boiler-plants  of  the  country,  mechanically 
fired,  as  worked  at  j)resent  are  losing  2,940,000  tons  to  3,937,500 
tons  of  coal  per  annum,  valued  at,  say,  305.  per  ton. 

The  reason  of  this  is  because  of  two  things.  First,  some  types 
of  mechanical  stoker  are  of  defective  design  and  most  types  of 
stoker  are  limited  as  to  their  capabilities,  and  will  only  give  good 
results  under  certain  particular  conditions. 

Second,  the  scientific  control  of  steam-boiler  plants  is  not 
understood.  Efficient  and  economical  steam  generation  is  essentially 
the  business  of  a  specialist,  and  comprises  a  combination  of  technical 
chemistry  and  engineering  quite  outside  ordinary  practice,  and 
this  applies  equally  to  mechanical  and  hand-firing.  As  a  consequence, 
the  average  efficiency  of  the  boiler-plants  of  this  country  is  only 
about  60  per  cent.  As  already  stated  in  the  Article,  "  Coal  Saving 
by  the  Scientific  Control  of  Steam  Boiler-Plants,",  the  saving 
estimated  to  be  obtained  by  reorganizing  all  the  boiler  plants  of 
the  country  would  be  about  20  per  cent,  that  is  to  say  the  huge 
amount  of  15,000,000  tons  to  20,000,000  tons  of  coal  per  annum 
on  the  total  national  coal  consumption  for  steam  raising  of  75,000,000 
tons  to  100,000,000  tons. 

The  saving  to  be  obtained  in  the  colliery  industry  alone  is  very 
great.  This  has  been  dealt  with  in  detail  in  Engineering,  25th  July 
and  1st  August  1919  ("  Exact  Data  on  the  Running  of  Steam 
Boiler  Plants.— No.  2.  The  Performance  of  Colliery  Boiler  Plants  "), 
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giving  the  exact  figures  for  the  performance  of  100  typical  colliery 
steam  boiler  plants.  The  average  net  efficiency  of  colliery  boiler 
plants  was  found  to  be  55-5  per  cent,  and  if  the  plants  weie 
re-organized  and  worked  on  70  per  cent  efficiency,  and  a  proper 
proportion  of  refuse-coal  burnt,  the  national  saving  would  be 
6,600,000  tons  of  coal  per  annum  on  the  annual  colliery  coal  bill 
of  18,500,000  tons.  These  figures  will  be  of  considerable  interest  in 
connexion  with  the  Government  scheme  of  super-power  stations 
and  national  electrification. 

The  total  national  saving  to  be  obtained  by  bringing  up-to-date 
the  existing  boiler  and  power  plants  of  the  country,  both  for  steam 
generation  and  utilization,  is  enormous.  It  must  amount  to  at 
least  30,000,000  tons  to  40,000,000  tons  of  coal  per  annum,  and  the 
saving  is  certain  and  obvious.  The  cost  of  carrying  it  out  would  be 
a  mere  trifle  compared  with  the  stupendous  expenditure  required 
under  the  National  Electrification  Scheme.  The  savings  promised 
under  the  latter  scheme  are,  in  the  Author's  opinion,  optimistic,  to 
say  the  least,  and  it  is  very  questionable  whether  in  practice  the  net 
saving,  after  deducting  interest  on  the  money  and  depreciation, 
would  be  very  much  more  than  could  be  obtained  by  bringing 
existing  plant  up  to  date. 


[For  Table  14,  see  next  j'rtj/e.] 
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TABLE  14. — Exact  Details  of  the  Perfoumance  of  80  Typical 
Mechanically-Fired  "  Lanciasuire  "  Steam  Boiler  Plants 
(Great  Britain). 

Note. — It  has  not  been  found  possible  to  print  the  figures  in 
Table  14  to  decimal  points  exactly  as  received  because  of  the 
ditliculties  in  arranging  such  a  large  Table.  Please  note,  however, 
that : — 

(Col.  3). — Duration  of  trial  is  given  to  one  place  qf  decimal 
only. 

Col.  7). — Grate  area  is  given  to  nearest  figure  without 
decimal  places. 

(Col.  12).^ — The  percentage  of  ash  is  given  to  the  nearest 
figure  without  decimal  places. 

(Col.  14). — ^^The  figures  for  the  coal  burnt  per  boiler  per 
hour  are  given  to  the  nearest  figure  withovxt  decimal 
places. 

(Col.  26). — The  percentage  saving  due  to  the  economisers 
is  given  to  the  nearest  figure  without  decimal  places. 

(Cols.  .'J7-40). — The  efficiency  figures  are  given  to  the  first 
place  of  decimals  only. 

(Col.  42).^ — In  the  long  check-test  the  weight  of  coal  is 
given  in  tons  with  one  decimal  place. 
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Job 
No. 

Year 

of 

Test. 

a 
1— 1 

^    . 

a  3 
o  o 

■3rS. 

u 

3 

Type  of  Stoker. 

S  =  Sprinkling. 

Co  =  Coking  overfeed. 

Cu  =  Coking  underfeed. 

m 
'3 

m 

"o 

Size  of  Boilers. 

cB 
« 

< 

'o 

a 

S  ^ 

3  a 

o§ 
.  o 

OH 

EH 
O 

6 
(9) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1 

1915 

Dyeing 

7-6 

S           A 

2 

30'x8'6" 

76 

360 

10 

2 

1918 

Cotton 

7-3 

S           A 

2 

30' X  9' 

78 

384 

8 

3 

1919 

Explos. 

14-4 

Co         C 

16 

30' X  8' 

474 

1,440 

10 

4 

1915 

Dyeing 

6-5 

S           A 

4 

(2)26'x8'6"(2)26'x7' 

130 

240 

6 

5 

1914 

Paper 

6-8 

Co         A 

2 

30'x8'6" 

57 

288 

8 

6 

1919 

Cotton 

9-5 

Co         C 

3 

(2)30'x9'(l)26'x9' 

117 

360 

10 

7 

1916 

Dyeing 

90 

S           C 

3 

(2)  28' X  8' 6"  (1)28' X  7' 6" 

123 

256 

8 

8 

1919 

Wool. 

8-0 

S           A 

2 

30'x8'6"     30' X  8' 

75 

128 

8 

9 

1919 

Eng. 

7-5 

Co        E 

3 

28' X  7' 

99 

192 

8 

10 

1919 

Wool. 

8-3 

Co         C 

1 

28' X  7' 

30 

72 

6 

11 

1917 

Explos. 

169-5 

Co         C 

16 

30' X  8' 

576 

1,280 

10 

12 

1917 

Eng. 

8-0 

Co        E 

5 

30' X  8' 

195 

576 

8 

IS 

1916 

Cbem. 

9-3 

S           B 

3 

(2)28'x8'6"(l)  28' X  8' 

107 

264 

6 

14 

1914 

Cotton 

8-0 

S           A 

1 

30' X  8' 

35 

96 

6 

15 

1914 

Cal.  pr. 

8-0 

S          C 

6 

Various  (about  30'  x  8') 

207 

640 

8 

16 

1914 

Dyeing 

7-3 

Co        D 

3 

(2)  30' X  9'  (l)30'x8'6" 

114 

192 

8 

17 

1916 

Wool. 

8-3 

S           A 

2 

30' X  8' 

76 

224 

8 

18 

1918 

Paper 

9-0 

S           A 

3 

30'x8'6" 

144 

288 

8 

19 

1917 

Explos. 

9-0 

Co         C 

5 

30' X  8' 

180 

480 

10 

20 

1912 

Dyeing 

110 

S           A 

4 

(2)  30' X  8' 6"  (2)  30' X  7' 6" 

130 

380 

8 

21 

1911 

Cotton 

11-3 

S           A 

3 

30' X  8' 

108 

286 

8 

22 

1918 

Dyeing 

9-0 

S           A 

3 

(2)  30,  X  8' 6"   (l)30'x8' 

112 

192 

6 

23 

1917 

Explos. 

24-0 

Co        E 

13 

30' X  8' 

528 

1,280 

8 

24 

1917 

Explos. 

24-0 

Co        E 

10 

(G)30'x8'   (4)  30' X  8' 6" 

419 

960 

8 

26 

1915 

Wool. 

10-2 

S          B 

3 

30'x8'6" 

117 

280 

8 

26 

1913 

Dyeing 

10-5 

Co         A 

4 

30'x7'6" 

116 

320 

8 

27 

1915 

Wool. 

8-9 

S           B 

3 

28'x7'6" 

107 

480 

8 

X  2 
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Job 

No. 

Quality  of  Coal, 

S  =  slack.    M  =  mixed. 

N  =  nutg. 

Analysis  of 
Coal  Burnt. 

p 

3 

PQ 
"3 

o  ^ 

a 
§ 

a 

Coal  Burnt  per  Boiler 
per  hour  (lb.). 

52  .o 

to   u 

Si 

TO    -*^ 

O    03 

Draught 

(In.  Water 

Gauge). 

Black  Smoke. 

F  =  fair .    M  =  medium . 

Fg  =  f.  good.     G=good. 

Vg  =  very  good. 

L= little. 



B 

< 

ci 
m 

a 

IE 
O 

(] 

,1— 1 
a 

08 

en 

3 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

L6) 

(17) 

(18) 

1 

N 

13,033 

6 

18,368 

1,212 

31 

0 

9 

0 

5 

Pg 

2 

S 

12,870 

3 

14,763 

1,027 

26 

0 

9 

0 

5 

M 

3 

N 

10,897 

12 

126,784 

550 

19 

0 

4 

0 

3 

M 

4 

N 

12,431 

8 

21,728 

834 

26 

0 

8 

0 

5 

Fg 

6 

M 

12,760 

8 

14,196 

1,052 

38 

1 

7 

0 

7 

None 

6 

S 

12,099 

6 

26,516 

930 

24 

0 

7 

0 

5 

L 

7 

S 

10,015 

13 

27,860 

1,032 

25 

0 

6 

0 

3 

Vg 

8 

N 

12,815 

11 

13,888 

868 

23 

0 

7 

0 

5 

P 

9 

M 

9,508 

14 

22,484 

999 

30 

0 

4 

0 

3 

Fg 

10 

M 

12,648 

9 

5,076 

609 

20 

0 

8 

0 

5 

L 

11 

M 

11,325 

9 

3,554,852 

1,311 

36 

1 

0 

0 

6 

M 

12 

M 

11,000 

19 

43,500 

1,088 

30 

1 

5 

0 

5 

M 

13 

S 

10,384 

16 

24,304 

876 

25 

1 

3 

0 

2 

M 

14 

S 

13,024 

6 

3,696 

462 

13 

0 

6 

0 

4 

M 

15 

s 

12,526 

12 

37,576 

783 

23 

0 

8 

0 

4 

M 

16 

s 

12,941 

6 

20,020 

920 

24 

0 

8 

0 

4 

M 

17 

s 

12,157 

19 

9,604 

582 

15 

0 

5 

0 

3 

G 

18 

s 

10,100 

23 

26,550 

983 

21 

1 

0 

0 

6 

M 

19 

M 

10,820 

8 

40,194 

893 

25 

0 

4 

0 

2 

M 

20 

S 

12,078 

8 

27,356 

022 

19 

0 

5 

0 

2 

None 

21 

S 

13,672 

7 

34,370 

1,018 

28 

0 

5 

0 

3 

M 

22 

s 

10,745 

0 

22,008 

815 

21 

1 

6 

0 

6 

M 

23 

s 

11,793 

11 

309,792 

993 

24 

0 

5 

0 

3 

G 

24 

s 

10,517 

13 

264,768 

1,103 

26 

0 

5 

0 

3 

G 

25 

s 

12,460 

13 

24,416 

801 

21 

1 

2 

0 

6 

L 

26 

s 

11,290 

10 

24,640 

587 

21 

0 

5 

0 

4 

None 

27 

s 

12,770 

12 

22,512 

842 

24 

0 

6 

0 

4 

Vg 
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Job 

No. 

Temperature  of 
Flue  Gases  f  F.). 

GO, 

in 

Side 
Flues 

(%)• 

Total 
Water 
Evap. 

lb. 

"3    . 

CD  bo 

&— ' 

03   O 

1 

Temperature 

of  Feed 
Water  ("F.). 

s8 
«>1 

B  o 

Analysis  of 

Boiler-Feed 

Water  as 

Steam  Pressure  Gauge 
(lb.  per  sq.  in.). 



2-3 

mo 

i 

si 

£  o 

going  into 
Boilers. 

<D 
(D.2 

m  § 

o 

CD 

£,    o 

<^ 

u 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

1 

608 

340 

11-8 

173,520 

1,145 

121 

275 

14 

11 

4 

157 

2 

655 

329 

8-0 

133,266 

919 

112 

283 

16 

3 

1 

159 

3 

664 

373 

13-0 

1,002,899 

435 

103 

231 

12 

16 

6 

102 

4 

717 

444 

13-0 

191,100 

735 

113 

264 

14 

17 

6 

78 

5 

612 

336 

10-5 

108,799 

806 

92 

289 

18 

6 

1 

189 

6 

612 

360 

8-0 

199,403 

700 

92 

241 

13 

8 

1 

144 

7 

608 

420 

7-0 

173,380 

642 

113 

255 

13 

7 

4 

51 

8 

495 

329 

10-0 

107,426 

671 

104 

213 

10 

3 

0 

153 

9 

— 

— 

10-0 

133,807 

595 

67 

215 

13 

10 

3 

114 

10 

739 

599 

9-0 

38,813 

466 

99 

203 

9 

4 

0 

107 

11 

633 

318 

12-0 

2,584,116 

953 

119 

268 

14 

3 

0 

105 

12 

685 

435 

90 

292,500 

731 

165 

255 

8 

6 

3 

102 

13 

749 

575 

9-0 

164,910 

594 

181 

305 

12 

4 

1 

108 

14 

403 

309 

5-5 

31,430 

393 

93 

215 

10 

18 

9 

85 

15 

612 

374 

8-5 

294,910 

614 

106 

269 

15 

2 

0 

61 

16 

604 

410 

9-5 

168,280 

774 

110 

246 

12 

4 

1 

78 

17 

531 

328 

6-5 

71,030 

431 

100 

259 

14 

4 

2 

122 

18 

575 

400 

7-5 

157,500 

583 

105 

245 

13 

8 

5 

110 

19 

577 

302 

100 

267,020 

593 

43 

218 

15 

2 

1 

106 

20 

520 

268 

7-0 

209,980 

532 

98 

241 

13 

7 

5 

96 

21 

720 

443 

11-0 

276,540 

819 

119 

260 

13 

7 

0 

159 

22 

— 

— 

7-0 

136,541 

506 

123 

299 

16 

9 

1 

101 

23 

772 

649 

11-0 

2,309,138 

740 

108 

237 

12 

8 

6 

112 

24 

709 

612 

9-0 

1,662,500 

693 

107 

242 

12 

7 

7 

136 

3S 

588 

394 

6-8 

185,120 

607 

129 

284 

14 

7 

2 

88 

26 

357 

279 

90 

171,400 

408 

152 

230 

8 

4 

2 

52 

27 

688 

853 

11-5 

170,610 

638 

141 

295 

15 

9 

6 

93 
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T  A  BL  E  1  i—contm  ued. 


March  1020. 


IJob 
No. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

'  19 

20 

\n 

22 

'  23 
24 
,25 
I  26 
.27 


2^ 


M'^ 

<i5f^ 

ta-o 

3  — 

04CO 

H 

(80) 

369 

370 

339 

322 

383 

363 

299 

367 

347 

342 

841 

339 

343 

328 

308 

322 

351 

344 

342 

335 

370 

339 

345 

359 

330 

300 

333 


(31) 

430 

465 

379 

None 

540 

437 

442 

552 

None 

None 

None 

535 

426 

None 

None 

None 

None 

435 

None 

None 

425 

451 

None 

517 

None 

None 

None 


^  <u  -5 
I  o  5c:; 

"■'   "^   O 


'X> 


Seh 


(32) 
3-3 
21 
7-5 
4-9 
2-3 
None 
5-4 
90 
7-0 
1-5 
5-5 
5-8 
6-3 
9-4 
4-2 
7-2 
3-4 
3-8 
9-3 
3-6 
2-8 
2-5 
7-0 
5-5 
4-3 
2-7 
3-1 


Remarks. 


(33) 


Ind.  draught  1  %.     Steam  jets  1'30  % 
Steam  jets  not  used 

Ind.  draught 2-5%,     Steamjets6'5  % 


Ind.  draught  2  %.     Steam  jets  3*47  % 


Ind.  draught  2  %.  Steam  jets  0-50% 
Ind.  draught  1  %.  Steam  jets  6-60% 
Ind.  draught  1  %.    Steam  jets  4-52  % 


u 

^,  , 

(M 

f^ 

ss 

n3-^ 

«o 

go 

a^,§. 

W"^ 

2  ^ 

y  ^H 

c3 

*»  r  T 

> 

eSBD 

esPq 

> 

i^ 

i^ 

(34) 

(35) 

(36) 

9-4 

10-8 

829 

9-0 

10-3 

801 

7-9 

9-1 

838 

8-8 

10-0 

804 

7-7 

9-0 

708 

7-5 

8-8 

695 

6-2 

70 

702 

7-7 

90 

702 

6-0 

7-1 

748 

7-7 

8-9 

702 

7-2 

8-3 

730 

G-7 

7-3 

665 

6-8 

7-3 

701 

8-5 

9-5 

733 

7-8 

8-7 

691 

8-4 

9-5 

735 

7-4 

8-5 

701 

5-9 

6-8 

677 

6-6 

8-1 

747 

7-7 

8-5 

674 

8-0 

8-9 

652 

6-2 

7-0 

654 

7-5 

8-6 

727 

6-3 

7-3 

689 

7-6 

8-2 

661 

7-0 

7-3 

648 

7-6 

8-4 

659 
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TABLE  U—conltnucd. 


Job 

No. 

I           Efficiency  of  Plant 

Long  Check  Test  ( 

one  week 

. 

Total  net  Working 
Eff.  of  Plant  after 
deduct.   Steam  or 
Power  used  aux.  to 
prod,  of  Steam  (%), 

'a 

o    . 

00  <5 

'o 

Calculated  to 
Ecouomisers 

Calculated  to 

Superheaters 

(%)• 

Duration  of  Test 
(hours). 

Coal  Burnt 
(tons). 

Total  Water 

Evaporated 

(gal.). 

13 

2  o 
go 

Approximate 

Annual  Coal  Bill 

(tons). 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

1 

80 

1 

68-9 

11-4 

2-6 

169 

95-0 

199,950 

9-39 

4,750 

2 

79 

7 

65-5 

12-1 

3-8 

168 

69-5 

132,672 

8-51 

3,750 

3 

76 

1 

71-5 

9-5 

1-3 

166 

574-6 

981,767 

7-63 

26,250 

4 

74 

1 

70-0 

10-9 

Nil 

167 

129-8 

244,001 

8-39 

6,500 

6 

72 

1 

56-4 

12-0 

5-3 

167 

118-9 

199,130 

7-47 

5,500 

6 

69 

7 

58-2 

90 

2-6 

18 

20-9 

35,362 

7-54 

4,000 

7 

68 

5 

59-0 

9-0 

4-5 

168 

104-9 

137,004 

5-83 

5,245 

8 

67 

2 

61-1 

6-7 

61 

168 

40-8 

73,062 

6-97 

2,500 

9 

67 

1 

62-9 

9-4 

Nil 

165 

120-7 

167,768 

6-20 

6,500 

10 

66 

8 

61-4 

6-4 

Nil 

168 

29-7 

47,270 

7-10 

1,750 

11 

66 

7 

60-9 

9-7 

Nil 

Already 

carried  out  instead  o 

"day" 

79,000 

12 

66 

6 

58-8 

5-6 

6-3 

168 

367-5 

535,000 

6-49 

19,500 

13 

66 

4 

59-6 

8-2 

3-0 

169 

134-2 

203,737 

6-77 

7,500 

14 

66 

4 

65-1 

8-2 

Nil 

169 

15-5 

24,850 

7-18 

1,200 

15 

66 

2 

58-7 

10-3 

Nil 

167 

121-0 

215,050 

7-93 

7,400 

16 

66 

0 

62-7 

8-4 

Nil 

168 

98-8 

171,830 

7-76 

4,900 

17 

66 

0 

58-4 

9-8 

Nil 

168 

40-0 

59,320 

6-62 

2,400 

18 

65 

9 

57-2 

8-4 

2-9 

168 

125-0 

14,500 

5-18 

7,000 

19 

65 

6 

61-3 

10-9 

Nil 

167 

305-3 

525,000 

7-67 

15,250 

20 

65 

4 

59-0 

8-8 

Nil 

174 

101-9 

165,980 

7-27 

5,500 

21 

65 

3 

56-8 

8-5 

1-8 

Not  carried  out 

4,750 

22 

65 

1 

52-9 

10-4 

3-5 

168 

66-6    1  100,448 

6-73 

3,750 

23 

65 

0 

621 

8-3 

Nil 

Not  carried  out 

38,500 

24 

64 

7 

55-9 

7-8 

4-9 

Not  carried  out 

33,000 

25 

63 

3 

56-5 

9-6 

Nil 

170 

121-1 

213,600 

7-87 

6,500 

26 

63 

2 

60-1 

4-9 

Nil 

175 

79-0 

122,420 

6-92 

3,900 

27 

62 

5 

55-1 

9-4 

Nil 

170 

144-6 

259,840 

8  02 

7,500 

:^04 
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Job 

No. 

Year 

of 
Tost. 

Industry. 

43 

Type  of  Stoker. 

S  =  Sprinkling. 
Co  =  Coking  overfeed. 
Cu  =  Coking  underfeed. 

2 

<o 
'o 

"o 
d 

Size  of  Boilers. 

< 

r 

.a  ^ 

•M  a 
o  o 

6^ 

(1) 

(2) 

(3) 

(4) 

(6) 

(6) 

(7) 

(8) 

28 

1914 

Paper    . 

9-6 

S          A 

6 

Various  (over  30'  x  7'  6") 

202 

288 

29 

1911 

Wool.    . 

100 

S           B 

4 

(2)30'x9'(2)30'x8' 

127 

330 

30 

1915 

Wool.    . 

7-7 

Co         B 

3 

(l)30'x8'6"   (2)30'x8' 

129 

384 

31 

1918 

Paper    . 

.8-0 

Cu        B 

2 

27'x7'6" 

78 

None 

32 

1916 

Cal.  print. 

24-0 

S           A. 

4 

(3)  30' X  8' 6"  (4)  30' X  8' 

134 

384 

33 

1917 

Explos. 

167-5 

Co        E 

15 

30' X  8' 

683 

2,816 

34 

1917 

Explos. 

100 

Co        E 

8 

30'x8'6" 

132 

480 

35 

1913 

Hat.     . 

9-0 

S           A 

1 

30' X  8' 

36 

96 

36 

1918 

Paper    . 

80 

Co         C 

2 

30' X  8' 

70 

480 

37 

1911 

Hosiery 

10-3 

s        c 

3 

28' X  7'  6"+ small  vertical 

102 

72 

38 

1913 

Wool.    . 

10-3 

S          A 

2 

(I)30'x8'(2)28'x8'6" 

66 

160 

39 

1918 

Paper    . 

7-0 

S          A 

2 

30'x7'6" 

66 

160 

40 

1916 

Colliery 

8-3 

S          B 

2 

28' X  9'    28'x9'6" 

83 

None 

41 

1918 

Explos. 

8-5 

Co        E 

4 

30' X  9' 

177 

560 

42     1918 

Engin/g. 

80 

S           A 

2 

30' X  8'    28'x7'6" 

73 

160 

43     1913 

Wool.    . 

7-9 

S           B 

1 

28' X  8' 

41 

144 

44 

1913 

Wool.    . 

23-8 

S           C 

2 

30'x7'6" 

60 

160 

45 

1911 

Cotton  . 

11-0 

S           C 

6 

30'x8'6" 

177 

480 

46 

1913 

Wool.    . 

131 

S          B 

2 

30' X  9' 

89 

128 

47 

1913 

Hat.     . 

6-9 

S           A 

1 

30' X  8' 

36 

% 

48 

1918 

Paper    . 

80 

S           A 

3 

30' X  8' 

72 

288 

49 

1919 

Wool.    . 

7-9 

S           B 

2 

28'  X  7'     28'  X  8' 

66 

240 

50 

1919 

Dyeing  . 

8-5 

S           B 

3 

30' X  8' 

117 

288 

51 

1915 

Wool.    . 

8-0 

S          B 

4 

(3)30'x8'6"(l)  28' X  8' 

164 

400 

52 

1917 

Explos. 

9-0 

Co        C 

2 

30'  X  8' 

70 

320 

53 

1917 

Hosiery 

8-3 

S          B 

3 

30' X  8' 

114 

192 

64 

1914 

Wool.    . 

10-0 

S           A 

2 

30' X  8' 

76 

96 

Makch  1920. 
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Job 

No. 

6 

IS 

■^ 

3 
H 

o 
d 

Quality  of  Goal. 

S  =  slack.     M  =  mixed. 

N  =  nut8.    L  =  large. 

Analysis  of 
Coal  Burnt. 

Amount  of  Coal  Burnt 
(lb.). 

Coal  Burnt  per  Boiler 
per  hour  (lb.). 

Coal  Burnt  per  sq.  ft. 
Grate  Area  per  hr.  (lb.). 

Draught 

(In.  Water 

Gauge). 

Black  Smoke. 

F  =  fair.     M  =  medium. 

Fg=f.  good.     G  =  good. 

Vg  =  very  good. 

L  =  little. 

B.Th.U.  per  lb. 
(as  fired). 

<1 

Chimney  Base 
(or  Fan  Inlet). 

m 
<D 

'2 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

28 

8 

s 

12,439 

8 

41,272 

718 

21 

0 

9 

0 

4 

Vg 

29 

8 

s 

13,133 

8 

34,608 

865 

27 

0 

9 

0 

3 

11 

30 

8 

s 

12,720 

13 

14.000 

609 

14 

0 

8 

0 

3 

L 

31 

None 

M 

11,500 

18 

11,424 

714 

18 

0 

5 

0 

2 

None 

32 

8 

M 

11,248 

13 

71,400 

1,061 

32 

0 

6 

0 

4 

Bad 

33 

10 

M 

11,251 

12 

2,454,200 

977 

22 

1 

2 

0 

4 

M 

34 

10 

S 

10,123 

17 

40,672 

1,352 

10 

0 

6 

0 

3 

Vg 

35 

8 

S 

12,776 

3 

11,452 

1,272 

35 

1 

5 

0 

7 

None 

36 

10 

M 

11,715 

11 

15,960 

998 

29 

1 

0 

0 

5 

Vg 

37 

6 

N 

11,330 

4 

24,780 

409 

18 

0 

6 

0 

5 

None 

38 

8 

N 

13,370 

11 

20,104 

981 

29 

1 

0 

0 

3 

G 

39 

8 

M 

12,870 

16 

6,923 

495 

15 

0 

5 

0 

3 

M 

40 

None 

C 

9,509 

12 

27,216 

1,649 

40 

0 

8 

0 

2 

Vb 

41 

10 

S 

12,300 

6 

39,312 

1,156 

26 

0 

6 

0 

3 

G 

42 

8 

L 

12,350 

9 

11,816 

739 

20 

0 

8 

0 

3 

G 

43 

6 

S 

13,028 

9 

8,064 

1,030 

25 

0 

4 

0 

3 

None 

44 

8 

S 

12,789 

12 

22,400 

472 

16 

0 

6 

0 

3 

None 

45 

8 

S 

13,030 

9 

61,320 

1,115 

31 

3 

1 

0 

8 

M 

46 

8 

S 

11,817 

15 

27,664 

1,057 

24 

0 

9 

0 

4 

None 

47 

8 

S 

12,776 

3 

7,896 

1,156 

32 

1 

5 

0 

7 

None 

48 

8 

s 

11,746 

13 

16,800 

700 

29 

0 

5 

0 

3 

Vg 

49 

10 

Peas 

13,384 

7 

8,400 

536 

16 

0 

7 

0 

4 

G 

50 

8 

S 

11,697 

16 

25,312 

993 

25 

1 

0 

0 

4 

G 

51 

10 

S 

12,730 

12 

29,344 

917 

22 

1 

2 

0 

3 

G 

52 

10 

S 

12,443 

4 

14,784 

821 

24 

0 

6 

0 

4 

Vg 

53 

8 

S 

9,341 

18 

30,044 

1,214 

32 

0 

6 

0 

3 

G 

54 

8 

S 

11,800 

6 

10,528 

526 

14 

0-7 

0 

3 

M 
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Job 

No. 

Temperature  of 
Flue  GascH  (  F.). 

Total 
Water 
Evap. 

lb. 

u 

.2 
"S   . 

u    c3 
2  "=0 
P<— ' 

.    M 

a  o 

>  M 

Temperature 

of  Feed 
Water  ("F.). 

sB 

a  o 

Analysis  of 

Boiler-Fcod 

Water  as 

Steam  Pressure  Gauge 
(lb.  per  sq.  in.). 

hi 

o 

|i 

ss 

u 

II 
o 

CO, 
in 

Side 
Flues 

going  into 
Boilers. 

Before 
Economiser. 

U3 

iZ  o 
o 

0} 

to      . 

.  <»  ■ — ■ 

^  S3 

1      Temp. 

Hardness 
1       (deg.). 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

28 

668 

442 

9 

5 

308,440 

537 

133 

270 

13 

4 

0 

86 

29 

530 

425 

9 

5 

276,590 

692 

100 

204 

9 

5 

1 

100 

30 

669 

284 

7 

5 

107,070 

466 

147 

293 

14 

7 

2 

58 

31 

557 

None 

10 

0 

738,350 

461 

161 

None 

Nil 

8 

6 

99 

32 

6-17 

382 

7 

0 

455,740 

677 

147 

234 

8 

8 

3 

110 

33 

599 

321 

10 

5 

1,642,100 

653 

88 

260 

12 

7 

1 

157 

34 

540 

370 

10 

0 

221,475 

738 

120 

275 

17 

2 

1 

146 

35 

749 

650 

6 

0 

78,600 

873 

109 

280 

16 

3 

2 

103 

36 

570 

400 

6 

0 

105,328 

658 

121 

296 

16 

7 

4 

147 

37 

730 

540 

8 

3 

152,890 

438 

88 

149 

6 

3 

1 

59 

38 

589 

352 

7 

0 

144,780 

706 

104 

217 

10 

6 

1 

110 

39 

474 

303 

7 

0 

47,159 

337 

172 

295 

16 

3 

2 

141 

40 

780 

None 

10 

5 

140,050 

849 

161 

None 

Nil 

7 

2 

80 

41 

Not  det 

srmined 

9 

5 

261,879 

770 

88 

311 

20 

8 

3 

98 

42 

620 

378 

6 

0 

75,742 

474 

90 

261 

16 

10 

0 

110 

43 

554 

372 

6 

0 

58,440 

746 

130 

215 

8 

15 

0 

116 

44 

518 

334 

5 

0 

150,460 

317 

100 

233 

12 

8 

2 

93 

45 

680 

375 

5 

4 

415,660 

756 

95 

311 

19 

8 

3 

161 

46 

671 

468 

7 

0 

183,175 

700 

117 

241 

11 

7 

5 

148 

47 

800 

665 

6 

0 

50,930 

74G 

107 

246 

13 

3 

2 

100 

48 

450 

320 

11 

0 

103,473 

431 

110 

213 

10 

8 

0 

77 

49 

0G7 

397 

6 

0 

56,352 

360 

108 

278 

16 

4 

1 

86 

50 

760 

510 

7 

0 

159,504 

626 

153 

317 

16 

3 

1 

135 

51 

597 

328 

8 

0 

202,120 

632 

107 

276 

16 

10 

2 

80 

52 

650 

459 

6 

0 

106,470 

592 

151 

333 

17 

5 

1 

160 

53 

689 

492 

4 

0 

149,644 

605 

120 

269 

14 

6 

0 

154 

54 

610 

311 

8-0 

61,470 

307 

123 

208 

8 

3 

1 

112 
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0) 

■15 

CO       . 

0 

P4 

°S8 

e3 

S  "  ri 
2  -*3  :; 

rti'-r- 

*.o 

•*=  (-r^ 

Job 
No. 

EH 

|& 

>»   03 

0  « 

1 

1   0  go- 
02  «3tH 

Remarks. 

0   c3 

go 

Ho 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

28 

328 

None 

3 

8 

— 

7-5 

8 

1 

649 

29 

338 

None 

6 

5 

— 

8-0 

8 

9 

680 

30 

306 

None 

3 

2 

— 

7-6 

8 

4 

660 

31 

337 

427 

2 

9 

Forced  draught  2-90  %. 

6-5 

7 

1 

708 

32 

344 

474 

7 

3 

— 

6-4 

7 

1 

629 

33 

369 

None 

11 

4 

— 

6-7 

7 

9 

701 

34 

363 

553 

8 

0 

— 

5-5 

6 

3 

623 

35 

340 

445 

5 

0 

Ind.  draught  2  %.     Steam  jets  3  %. 

6-9 

7 

6 

592 

36 

364 

559 

12 

8 

Ind.  draught  2 -40%.  Steam  jets  10- 4% 

6-6 

7 

6 

644 

37 

307 

None 

3 

5 

— 

6-2 

6 

9 

612 

38 

344 

None 

2 

5 

— 

7-2 

8 

0 

577 

39 

361 

482 

5 

3 

— 

6-8 

7 

4 

600 

40 

324 

541 

3 

0 

— 

5-1 

5 

6 

584 

41 

337 

None 

5 

6 

— 

6-7 

7 

8 

633 

42 

344 

None 

2 

1 

— 

6-4 

7 

5 

606 

43 

348 

None 

5 

5 

Ind.  draught  2  %.    Steam  jets  3  •  50  % 

7-2 

8 

1 

627 

44 

333 

None 

3 

4 

— 

6-7 

7 

5 

586 

45 

371 

450 

5 

0 

Ind.  draught  2  •  50  %.  Steam  jets  2  •  50  % 

6-8 

7 

7 

589 

46 

365 

None 

10 

0 

— 

6-6 

7 

3 

621 

47 

338 

425 

5 

2 

Ind.  draught  2  %.    Steam  jets  3  •  20  % 

0-5 

7 

1 

557 

48 

322 

506 

13 

5 

— 

6-2 

7 

0 

599 

49 

328 

482 

3 

8 

— 

6-7 

7 

7 

575 

50 

358 

None 

4 

9 

— 

6-3 

7 

0 

597 

51 

324 

None 

9 

0 

— 

6-9 

7 

9 

619 

52 

371 

463 

17 

6 

— 

7-2 

8 

2 

658 

53 

368 

None 

6 

0 

— 

5-0 

5 

7 

610 

54 

345 

None 

2 

7 

— 

5-8 

6-3 

537 

308 
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Job 

No. 

Efficiency  of  Plant. 

Long  Check  Test  (one  week). 

Total  net  Working 
Eff.  of  Plant  after 
deduct.  Steam  or 
Power  used  aui.  to 
prod,  of  Steam  (%). 

"a 
o    . 

a,  ^ 

®   ■ • 

O  00 

■2 '3^ 

d  a  ~ 
o  o 

(39) 

1        Calculated  to 
Superheaters 

■s  ■ 

H 

a  3 
o  o 

a 
O 

1 

Coal  Burnt 
(tons). 

1 
Total  Water 
Evaporated 
(gal.). 

1.- 
5S 

03     P4 

Approximate 

Annual  Coal  Bill 

(tons). 

(37) 

(38) 

(40) 

(41) 

(42) 

(43) 

(44) 

(46) 

28 

62 

•5 

56-6 

8-3 

Nil 

168 

255-7 

424,829 

7-42 

14,250 

29 

62 

•2 

60-2 

6-2 

Nil 

168 

112-3 

196,626 

7-82 

5,550 

SO 

61 

•8 

54-9 

8-9 

Nil 

168 

66-2 

106,990 

7-22 

3,500 

31 

60 

3 

59-5 

Nil 

2-7 

69 

40-7 

62,210 

6-83 

4,500 

32 

60 

1 

55-8 

5-0 

4-0 

170 

167-9 

251,910 

6-69 

7,850 

S3 

60 

•1 

57-4 

10-4 

Nil 

Already 

carried  o 

ut  instead  of  "day  " 

41,000 

34 

59 

9 

51-0 

8-6 

5-5 

168 

237-5 

286,400 

5-38 

11,500 

35 

69 

5 

50-3 

9-4 

3-1 

Not  ca 

rried  out 

1,400 

36 

59 

4 

52-2 

10-0 

5-9 

165 

110-6 

162,040 

6-54 

5,500 

87 

58 

9 

57-7 

3-4 

Nil 

168 

67-6 

97,768 

6-40 

3,400 

38 

58 

6 

53-9 

6-2 

Nil 

168 

90-1 

135,730 

6-73 

4,480 

39 

58 

3 

61-1 

6-9 

3-7 

168 

61-3 

93,800 

6-83 

3,000 

40 

58 

2 

56-9 

Nil 

3-1 

168 

157-0 

180,280 

5-13 

8,000 

41 

57 

8 

48-9 

12-3 

Nil 

168 

298-2 

486,000 

7-27 

14,500 

42 

57 

5 

49-6 

9-0 

Nil 

144 

43-2 

72,730 

7-51 

3,340 

43 

57 

4 

55-9 

4-8 

Nil 

153 

46-6 

70,228 

6-73 

2,750 

44 

56 

7 

51-6 

7-1 

Nil 

173 

55-8 

90,300 

7-23 

2,750 

45 

56 

7 

47-5 

11-4 

2-3 

168 

152-0 

225,400 

6-62 

7,850 

46 

56 

0 

55-1 

7-1 

Nil 

147 

68-4 

96,715 

6-31 

3,000 

47 

55 

5 

49-0 

7-1 

2-4 

146 

53-6 

88,270 

7-35 

1,100 

48 

55 

1 

52-4 

5-5 

5-0 

169 

121-0 

156,770 

5-78 

4,900 

49 

55 

1 

46-9 

8-7 

1-7 

151 

316 

43,790 

6-21 

2,000 

50 

55 

0 

48-7 

90 

Nil 

170 

112-8 

169,027 

6-69 

5,750 

51 

54 

5 

50-6 

9-3 

Nil 

167 

162-0 

260,952 

7-16 

8,250 

52 

53 

8 

51-6 

10-7 

3-0 

168 

186-7 

223,724 

7-30 

6,950 

53 

53 

7 

49-3 

7-8 

Nil 

168 

127-7 

146,686 

5-12 

6,900 

54 

52-8 

50-0 

4-3 

Nil 

155 

30-1 

41,140 

6-10 

1,385 
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Job 

No. 


Year 

of 
Test. 


55 

56 

57 

58 

59 

60 

61 

62 

63 

61 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 


(1) 
1919 
1918 
1917 
1916 
1911 
1915 
1919 
1912 
1918 
1918 
1917 
1917 
1918 
1918 
1911 
1914 
1918 
1918 
1916 
1918 
1918 
1918 
1918 
1919 
1917 
1917 


Industry. 


(2) 
Wool.  . 
Dyeing  . 
Explos. 
Wool.  . 
Wool.  . 
Dyeing  . 
Engin/g. 
Paper  . 
Dyeing  . 
Explos. 
Colliery. 
Chem.  . 
Paper  , 
Explos. 
Dyeing  . 
Chem.  . 
Paper  . 
Paper  . 
Wool.  . 
Chem.  . 
Colliery 
Paper  . 
Paper  . 
Textile  . 
Colliery 
Dyeing  , 


a  3 
o  o 


(3) 

7-0 

9-5 

9-0 

9-8 

10  0 

8-1 

7-5 

9-9 

9-5 

8-5 

8-0 

7-5 

9-0 

10-0 

10-5 

90 

8-0 

8-2 

9-0 

9-0 

8-0 

8-0 

8-0 

6-8 

7-5 

8-5 


(S 


u  <o 


o  &1.2  a 

PU  II    o  o 

H«2    II  II 

O  3 


(4) 
S 
S 
Co 
S 
Co 
S 
Co 
Co 
Co 
Co 

s 
s 

Co 
Co 

s 

Cu 

Co 

S 

S 

Co 

s 

Co 

Cu 

S 

S 

S 


(5) 
2 
2 
2 
2 
5 
3 

1 
1 
9 
6 
3 
2 
6 
3 
2 
3 
2 
2 
4 
7 
3 
4 
2 
7 
2 


Size  of  Boilers. 


O  c' 


59 


(6)  (7)  (8) 

30'x8'G"  88  256 

30' X  8'  30'x8'6"  66  240 

30'  X  8'  6"  72  None 

30' X  9'  30'x8'6"  78  320 

(3)  30' X  9' (2)  30' X  8'  168  376 

30'x7'6"  108  224 

27' X  7'  127  None 

30'x8'6"  30  96 

30' X  8'  37  96 

30' X  8'  351  1760 

30' X  9'  285  960 

30' X  8'  108  192 

(1)  30' X  8' (2)27' X  7' 6"  66  96 

30' X  8'  234  560 

30' X  8'  99  288 

28'  X  7'  6"   24'  X  7'  6"  —  None 

(I)30'x8'(2)28'x7'  93  192 

30' X  9'  30' X  8'  92  182 

28'x7'6"  28' X  7'  64  144 

30'x7'6"  132  None 

30' X  9'  273  None 

30'  X  8'  111  192 

30'x8'6"  165  320 

30'x7'6"  68  160 

(4)  28'  X  7'  (3)  30'  X  S'  253  None 

24'  X  7'  66  None 
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Job 
No. 

e 

ID 

d 

Quality  of  Coal. 
S  =  slack.    M= mixed. 
N  =  nut9.     D  =  doubles. 

Analysis  of 
Coal  Burnt. 

Amount  of  Coal  Burnt 
(lb.). 

Coal  Burnt  per  Boiler 
per  hour  (lb.). 

O   o3 

(1 

Draught 
n.  Water 
Gauge). 

Black  Smoke. 

F  =  fair.    M  =  medium. 

[  Fg  =  f.good.    G  =  good. 

Vg=very  good. 

L  =  little. 

Cll  <o 
.   u 

pq 
(11) 

< 

09 

« 
m 

(9) 

(10) 

(12) 

(13) 

(14) 

(16) 

(16) 

(17) 

(18) 

56 

8 

M 

11,900 

12 

18,676 

1,334 

30 

1 

0 

0 

4 

M 

56 

10 

N 

12,970 

10 

16,728 

880 

27 

0 

0 

0 

4 

Fg 

57 

None 

S. 

12,079 

8 

14,112 

784 

22 

1 

1 

0 

7 

Vg 

58 

10 

S 

10,902 

14 

22,540 

1,156 

30 

1 

2 

0 

9 

G 

59 

8 

s 

14,691 

4 

43,036 

861 

26 

1 

0 

0 

3 

M 

60 

8 

N 

10,810 

12 

15,000 

619 

17 

0 

5 

0 

4 

M 

61 

None 

M 

11,366 

17 

21,672 

722 

23 

0 

8 

0 

6 

G 

62 

G 

N 

12,386 

8 

12,768 

1,288 

43 

2 

4 

1 

3 

None 

63 

C 

N 

12,970 

10 

7,600 

800 

21 

1 

6 

0 

5 

None 

64 

10 

M 

11,850 

12 

67,480 

882 

23 

1 

1 

0 

8 

Vg 

65 

10 

S 

11,540 

21 

55,440 

1,155 

24 

0 

6 

0 

2 

Vg 

66 

1 

8 

S 

8,500 

19 

14,525 

646 

18 

1 

0 

0 

5 

M 

67 

6 

D 

11,785 

11 

20,384 

1,132 

34 

0 

9 

0 

5 

Bad 

68 

10 

M 

14,400 

9 

53,256 

888 

23 

1 

5 

1 

0 

Vg 

69 

8 

S 

13,041 

10 

17,556 

557 

17 

0 

4 

0 

3 

G 

!  70 

None 

N 

11,870 

8 

10,080 

560 

— 

0 

5 

0 

3 

M 

71 

8 

S 

12,150 

11 

21,056 

877 

28 

0 

6 

0 

3 

Vg 

72 

8 

s 

12,178 

10 

16,800 

1,029 

22 

1 

2 

0 

5 

Pg 

78 

6 

s 

11,133 

18 

11,200 

622 

19 

0 

6 

0 

4 

Vg 

74 

None 

s 

10,150 

15 

23,500 

653 

20 

1 

1 

0 

7 

M 

76 

None 

s 

10,900 

21 

57,699 

1,030 

26 

1 

6 

0 

7 

Vg 

76 

6 

s 

12,120 

8 

23,456 

977 

26 

1 

1 

0 

4 

M 

77 

10 

Peas 

11,449 

10 

34,720 

1,085 

26 

0 

6 

0 

1 

G 

78 

10 

Sing 

10,879 

9 

8,512 

031 

19 

0 

9 

0 

5 

G 

79 

None 

S 

10,050 

12 

51,520 

981 

27 

1 

3 

0 

7 

G 

80 

None 

Peas 

10,789 

9 

8,848 

521 

16 

0 

5 

0 

3 

G 
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Job 

No. 

Temperature  of 
Plue  Gases  (°F.). 

CO, 

in 

Side 
Flues 

(%)• 

Total 
Water 
Evap. 

lb. 
(22) 

u 

PQ     CO 

Temperature 

of  Peed 
Water  (°P.). 

a  o 

'^1 

Analysis  of 

Boiler-Feed 

Water  as 

2": 

CO  en 

CO 

-2 

Before 
Economiser. 

£  o 
u 

going  into 
Boilers. 

i 

el 

u 

CO 

£  o 
o 

CO 

.    (0  . — . 

Temp. 

Hardness 

(deg.). 

(19) 

(20) 

(21) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

55 

607 

453    1 
311 

Not 
taken 

1     98,750 

705 

107 

217 

10 

9 

1 

147 

56 

495 

70 

109,334 

575 

125 

231 

10 

4 

0 

82 

67 

650 

None 

3-0 

80,333 

446 

82 

None 

Nil 

3 

0 

187 

58 

689 

448 

60 

112,880 

579 

110 

303 

18 

6 

1 

104 

59 

630 

460 

3-5 

301,860 

604 

107 

215 

10 

4 

1 

90 

60 

570 

443 

7-0 

77,140 

318 

91 

165 

7 

4 

2 

74 

61 

597 

None 

7-3 

126,332 

421 

146 

None 

Nil 

9 

0 

74 

62 

611 

431 

3-5 

78,350 

791 

145 

232 

8 

.  2 

1 

150 

63 

485 

348 

60 

51,234 

539 

125 

262 

13 

4 

0 

54 

64 

Not  det 

Brmined 

8-0 

378,970 

496 

92 

234 

13 

7 

2 

80 

65 

686 

372 

6-5 

299,016 

623 

169 

266 

5 

5 

1 

127 

66 

585 

395 

8-0 

57,500 

256 

125 

240 

11 

8 

0 

75 

67 

332 

275 

8-0 

115,766 

643 

190 

236 

5 

8 

0 

90 

68 

548 

328 

5-0 

411,661 

686 

59 

282 

20 

6 

1 

81 

69 

440 

251 

5-8 

102,610 

326 

115 

235 

11 

10 

2 

101 

70 

596 

None 

8-0 

53,820 

299 

109 

None 

Nil 

8 

3 

38 

71 

560 

350 

60 

123,477 

514 

115 

202 

8 

10 

4 

113 

72 

680 

410 

5-0 

91,495 

560 

106 

259 

14 

4 

5 

130 

73 

616 

377 

5-5 

54,290 

302 

104 

296 

18 

7 

5 

74 

74 

675 

None 

7-5 

107,650 

299 

85 

Nil 

Nil 

12 

0 

75 

75 

572 

None 

8-0 

274,831 

491 

102 

Nil 

Nil 

12 

0 

62 

76 

Not  det 

ermined 

7-0 

129,992 

541 

122 

265 

13 

8 

7 

84 

77 

555 

368 

70 

164,540 

514 

113 

248 

12 

5 

1 

144 

78 

604 

452 

50 

38,450 

285 

37 

255 

19 

13 

2 

96 

79 

Hot  det 

ermined 

80 

228,022 

434 

163 

Nil 

Nil 

20 

2 

67 

80 

660 

None 

8-0 

37,609 

221 

139 

Nil 

Nil 

11 

8 

42 
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•o 

S  .«^ 

%4 

°^^ 

o 

1 
2-r 

1    . 

used  1 
StearD 
tput  0 

-2  5 

-1 
-2 

Job 
No. 

O  eS 

D 

03  g 
B 

am  or  Power 

X.  to  prod,  of 

tal  Steam  ou 

Plant  (%) 

• 

Remarks. 

t-t  ,-1 
o  <a 

oS 

ter  from  and 
vap.  per  lb.  c 
(lb.). 

,ter  from  and 

^.vap.  per  1,0( 

B.Th.U.  (11 

H 

^ 

^ 

08M 

08  f!-! 

(30) 

(31) 

(32) 

(38) 

(34) 

(36) 

(36) 

65 

3C4 

489 

.0-6 

— 

5-3 

6-1 

515 

66 

325 

None 

4-4 

— 

6-5 

7-4 

567 

67 

383 

None 

3-9 

— 

5-7 

G-5 

541 

58 

340 

461 

41 

— 

5-0 

5-7 

526 

69 

331 

None 

2-5 

— 

7-0 

8-1 

548 

60 

319 

None 

3-5 

— 

5-1 

6-0 

551 

61 

319 

None 

GO 

— 

5-8 

6-4 

566 

62 

36G 

None 

4-8 

Ind.  draught  2  •50%.   Steam  jets  2 -25% 

6-1 

6-9 

554 

63 

302 

None 

9-6 

— 

6-7 

7-6 

582 

64 

324 

357 

7-3 

— 

5-6 

6-5 

550 

65 

354 

532 

4-3 

— 

5-4 

5-8 

506 

66 

320 

None 

3-5 

— 

4-0 

4-5 

525 

67 

331 

435 

7-G 

— 

5-7 

6-0 

511 

68 

325 

None 

21-4 

— 

7-7 

9-3 

640 

69 

339 

None 

2-8 

— 

5-9 

0-5 

495 

70 

285 

None 

2-4 

Forced  draught  2-40  % 

5-3 

6-0 

509 

71 

34G 

428 

13-8 

— 

5-9 

G-7 

552 

72 

356 

443 

8-9 

— 

5-5 

6-3 

517 

73 

319 

None 

2-6 

— 

4-8 

5-6 

499 

74 

320 

None 

8-0 

— 

4-G 

5-3 

526 

75     309 

None 

36 

— 

4-8 

5-5 

500 

76 

327 

365 

96 



5-5 

G-3 

516 

77 

3G3 

495 

10-9 

(  Forced  draught  and  special  steam  ) 
\                   arrangement                     / 

4-7 

5-5 

475 

78 

335 

None 

17-2 

— 

4-5 

5-4 

495 

79 

314 

398 

15-1 

— 

4-4 

4-8 

476 

80 

289 

None 

4-5 

— 

4-3 

4-7 

434 
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Job 
No. 

Efficiency  of  Plant. 

Long  Check  Test  (one  week). 

Total  net  Working 
Eff.  of  Plant  after 
deduct.  Steam  or 
Power  used  aux.  to 
prod,  of  Steam  (%). 

Boilers  only 

(%)• 

Calculated  to 
Economisers 

(%). 

1        Calculated  to 
Superheaters 

Duration  of  Test 
(hours). 

3'^ 
PQg 

O 

Total  Water 

Evaporated 

(gal.). 

Water  Evaporated 
per  lb.  of  Coal. 

Approximate 

Annual  Coal  BUI 

(tons). 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

56 

62-6 

44-8 

50 

81 

168 

63-1 

90,760 

6-42 

3,250 

66 

52-5 

49-4 

5-4 

Nil 

168 

65-1 

94,052 

6-45 

3,250 

67 

52-1 

54-2 

Nil 

Nil 

168 

136-4 

163,260 

5-34 

6,990 

58 

51-7 

41-9 

9-0 

3-0 

Not  carried  out 

3,300 

59 

51-7 

47-8 

5-2 

Nil 

168 

152-0 

230,160 

6-85 

7,400 

60 

51-5 

49-8 

3-6 

Nil 

150 

46-8 

56,320 

5-37 

2,500 

61 

51-4 

54- f 

Nil 

Nil 

152 

82-9 

104,000 

5-66 

4,500 

62 

51-0 

49-2 

4-4 

Nil 

86 

60-0 

80,536 

5-99 

4,250 

63 

50-9 

49-1 

7-3 

Nil 

168 

30-7 

42,335 

6-13 

1,550 

64 

50-1 

46-3 

6-9 

0-9 

167 

606-7 

860,290 

6-33 

32,000 

66 

49-4 

44-6 

4-7 

4-3 

168 

354-7 

509,700 

6-41 

17,900 

66 

48-9 

45-2 

5-5 

Nil 

168 

101-6 

95,000 

4-18 

5,500 

67 

48-8 

47-2 

2-3 

3-4 

168 

126-1 

169,010 

5-99 

7,700 

68 

48-8 

49-9 

12-2 

Nil 

165 

363-1 

592,600 

7-28 

17,500 

69 

48-1 

44-0 

5-5 

Nil 

168 

32-8 

41,081 

5-60 

1,675 

70 

48-0 

49-2 

Nil 

Nil 

57 

16-0 

20,570 

5-73 

950 

71 

47-9 

49-1 

4-3 

2-2 

168 

127-8 

170,350 

5-95 

5,750 

72 

47-6 

48-2 

7-0 

2-0 

165 

114-8 

132,360 

5-15 

5,500 

73 

47-0 

39-8 

8-5 

Nil 

165 

68-6 

79,340 

5-14 

3,775 

74 

46-9 

50-9 

Nil 

Nil 

168 

178-0 

185,000 

4-64 

8.500 

76 

46-7 

48-4 

Nil 

Nil 

192 

464-3 

495,860 

4-76 

23,200 

76 

45-9 

43-3 

6-6 

0-9 

168 

166-4 

209,780 

5-62 

18,600 

77 

43-7 

40-4 

5-7 

30 

169 

158-9 

176,010 

5-11 

7. 350 

78 

40-8 

40-0 

9-3 

Nil 

151 

31-3 

28,981 

4-13 

1,550 

79 

40-8 

46-1 

Nil 

1-9 

168 

400-8 

407,740 

4-54 

21,000 

80 

40-1 

41-9 

Nil 

Nil 

168 

35-0 

34,910 

4-45 

1,750 
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Discussion  in  Loudun,  FriHaif,  \Oth  March  1920. 

The  President  said  that  anyone  who  had  to  deal  with  boiler 
trials  would  know  what  an  enormou.s  amount  of  work  the  eighty 
trials  mentioned  in  the  Paper — and  they  were  only  a  few  of  the 
number  airried  out — mu.st  have  taken,  and  the  mere  correlation 
and  co-ordination  of  the  results  was  a  labour  which  made  one 
almost  shudder.  The  tests  had  all  been  made  under  the  same 
supervision  with  very  much  the  same  apparatus,  and  not  by  the 
user  or  the  maker,  and  therefore  it  could  be  assumed  that  they 
would  be  at  any  rate  unbiased  and  would  also  be  comparative. 
The  result  of  the  trials,  and  the  Author's  statement  that  there  was 
so  little  provision  of  measuring  apparatus  to  be  seen  in  boiler 
instjillations  would  come  as  a  great  shock  to  many  engineers.  At 
any  rate  the  Author  had  thrown  down  the  gauntlet,  and  he  felt 
sure  the  discussion  would  be  an  excellent  one. 

IMr.  George  B.  Storie  said  that  the  work  entailed  in  the 
preparation  of  the  Paper  must  hava  been  very  considerable  indeed. 
He  was  not  quite  clear  as  to  how  the  smoke  tests  had  been  made. 
There  were  five  difi'erent  degrees  of  smoke  indicated  in  Table  5 
(page  281),  and  the  fifth  the  Author  termed  "  chronic  "  ;  he  assumed 
that  he  meant  dense  black  smoke.  He  had  been  looking  at  the 
diagrams  for  arriving  at  the  diflS'erent  densities  of  smoke  from 
chimneys,  which  accompanied  the  report  of  The  Institution  of 
Civil  Engineers'  Committee  on  tabulating  the  results  of  steam- 
engine  and  boiler  trials.  Five  diflferent  degrees  or  shades  of  smoke 
were  shown,  from  light  grey  to  very  black  smoke,  and  it  appeared 
to  him  that  if  the  Author  had  used  these  diagrams  in  making  the 
tests,  he  would  have  been  able  to  tabulate  the  diflferent  degrees  of 
smoke  in  a  form  that  would  have  been  clearer  to  the  reader. 

He  (Mr.  Storie)  had  had  a  good  deal  of  experience  in  the 
working  of  mechanical  stokei's  as  well  as  in  hand-firing.  Some 
years  ago  he  was  acting  as  advising  engineer  to  the  Corporation  of 
Bradford  in  connexion  with  the  abatement  of  smoke  in  that  town, 
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and  had  to  deal  with  boilers  fired  mechanically  as  well  as  by  hand. 
After  a  period  of  about  three  years  the  Corporation  arrived  at  the 
conclusion  through  the  reports  of  its  inspectors  that  considerably 
less  smoke  was  emitted  by  factories  using  boilers  fitted  with 
mechanical  stokers  ;  and  during  that  time  a  large  number  of  stokers 
were  installed  in  the  town  of  Bradford,  with  the  result  that  smoke 
was  very  much  diminished. 

He  was  of  the  opinion  that  although  the  coking  stoker  did  not 
respond  as  readily  to  sudden  demands  for  steam  as  the  sprinkler 
type,  it  was  one  of  the  best  appliances  that  could  be  employed  for 
the  prevention  of  smoke  if  worked  in  conjunction  with  induced 
draught.  With  this  type  of  stoker  it  was  possible  to  work  with 
thick  fires  and  a  strong  draught,  and  the  slow  rate  at  which  the 
fuel  travelled  to  the  bridge,  allowed  of  an  excellent  and  undisturbed 
opportunity  for  combustion  to  be  completed.  He  was  doubtful  if 
the  Author,  even  with  his  scientific  methods,  would  be  able  to  abate 
smoke  from  hand-fired  boilers  in  a  manner  that  would  meet  the 
requirements  of  the  Local  Authorities.  He  considered  that  there 
was  more  importance  attached  to  the  frequent  opening  of  the 
fire-doors  of  hand-fired  boilers  than  the  Author  appeared  to  think. 
Each  time  the  furnace-doors  were  opened,  volumes  of  cold  air 
rushed  into  the  furnaces,  cooling  the  fires,  the  boiler,  and  its  flues, 
and  the  tubes  of  the  superheater  and  economiser.  Under  such 
conditions  it  was  almost  impossible  to  obtain  the  best  results. 
During  the  cleaning  of  the  fires,  an  operation  which  lasted  about 
eight  minutes,  temperatures  varied  considerably,  and  he  had 
frequently  seen  the  temperature  of  the  steam  leaving  superheaters 
fall  as  much  as  50°  F.,  a  condition  which  was  not  conducive  to  the 
economical  and  safe  working  of  turbines  or  reciprocating  engines. 

The  manner  in  which  the  Author  criticized  the  makers  of 
mechanical  stokers  was,  in  his  opinion,  quite  uncalled  for.  He  held 
no  brief  for  those  people,  but  they  were  entitled  to  a  certain 
amount  of  credit,  as  they  had  evolved  from  the  crude  state,  a 
machine  which,  although  not  yet  without  defects,  was  capable,  at 
any  rate,  on  the  Author's  statement,  of  holding  its  own  with 
efficient   hand-firing.     Some  of  the  claims  might  be  extravagant, 

Y  2 
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but  carefully  conducted  trials  on  scientific  lines,  by  independent 
engineers,  of  boilers  fitted  with  mechanical  stokers,  had  shown 
overall  efficiencies  of  from  70  to  80  per  cent.  There  were  others  in 
the  mechanical  world  who  claimed  to  have  a  panacea  for  all  boiler 
ills,  and  like  the  stoker-makers  mentioned  in  the  Paper,  they  often 
failed  in  performance. 

He  agreed  with  the  Author  in  regard  to  the  waste  emanating 
from  the  improper  use  of  steam-jets,  and  in  a  large  number  of  cases 
he  had  found  that  the  increase  in  the  steam  consumption  was  due  to 
the  enlargement  of  the  nozzles  through  the  erosive  action  of  the 
steam.  By  simply  replacing  the  nozzles,  he  had  reduced  the  steam 
consumption  by  as  much  as  12  per  cent  of  the  total  steam 
produced.  A  means  of  preventing  the  attendant  wasting  steam 
.  was  to  insert  a  disk  with  a  hole  about  one  eighth  of  an  inch  in 
diameter  in  the  pipe  supplying  steam  to  the  jets. 

The  method  adopted  by  the  Author  in  arriving  at  the  steam 
used  by  the  engine  employed  for  driving  the  fan  could  not  be 
termed  exact.  A  figure  of  35  lb.  of  steam  per  indicated  horse- 
power per  hour  was  .assumed.  .  In  the  event  of  leaking  valves  and 
pistons,  the  consumption  might  easily  be  50  per  cent  in  excess  of 
the  figure  named,  which  on  a  large  fan  installation  would  seriously 
increase  the  total  consumption  of  steam.  By  calculating  the  steam 
consumption  from  the  indicator  diagram,  an  approximate  figure 
could  be  obtained,  but  the  more  accurate  method  would  be  to 
measure  the  condensed  steam  from  the  engine.  To  obtain  a  fair 
average,  he  was  of  opinion  that  in  the  case  of  an  8-hour  trial,  the 
interval  between  readings  should  not  exceed  twenty  minutes.  If 
engineers  who  were  called  upon  to  carry  out  steam  trials  would 
adopt  the  form  recommended  by  The  Institution  of  Civil  Engineers 
for  tabulating  the  results  of  engine  and  boiler  trials,  as  a  standard, 
and  copies  of  all  important  trials  were  filed  by  The  Institution,  for 
reference,  valuable  information  obtained  in  exactly  the  same  lines 
would  always  be  at  hand  for  purposes  of  comparison.  The  form, 
with  slight  modifications,  was  applicable  to  turbines  as  well  as  to 
reciprocating  engines,  and  it  was  suitable  for  use  in  the  trials  of  all 
types  of  boiiers. 
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He  would  like  the  Author  to  state  the  number  of  boiler  plants 
which  he  mentioned  as  having  inspected  during  the  last  ten  years 
that  were  dealt  with  on  scientific  lines,  and  the  saving  effected  in 
tons  of  coal  per  annum. 

Mr.  Charles  Erith  thought  most  of  those  who  had  read  the 
Paper  would  agree  that  the  Author's  resume  was  very  different 
from  what  he  had  given  in  the  Paper.  It  required  remarkable 
boldness  on  the  part  of  the  Author  to  come  before  The  Institution 
of  Mechanical  Engineers  and  defend  a  reversion  to  manual  labour 
for  coal  handling  and  firing,  at  any  rate  as  applied  to  Lancashire 
boilers.  It  was  not  based  upon  the  Ruskinian  theory  of  the  valuo 
of  handicraft,  but  upon  a  series  of  very  incomplete  tests. 

The  first  thing  that  would  strike  anyone  examining  the  tests 
was  the  complete  absence  of  heat  balances,  and  of  information 
as  to  the  condition  of  the  plant,  the  age  of  the  plant,  and 
the  general  conditions  of  upkeep.  He  was  referring  to  Test 
Mo.  77  (a  paper-mill  plant,  of  which  he  happened  to  have  seen 
the  Author's  detailed  report).  That  plant  was  tested  at  the 
end  of  the  war  period,  after  six  years'  use,  with  no  attempt  to  put 
it  in  order.  The  remarkable  thing  was  that  on  the  long  check  test 
of  four  boilers  covering  169  hours,  the  fuel  used  being  of  a  very  low 
grade,  the  result  figured  out  very  considerably  better  than  the 
8-hour  test  quoted  which  was  made  with  a  fuel  not  used  before  or 
since,  a  high  grade  fuel  which  was  worked  with  such  an 
extraordinary  excess  of  air  that  7  per  cent  of  CO^  and  very  low 
efficiency  was  given. 

A  very  important  thing  in  testing  was  to  give  the  object  of  the 
tests,  and  that  was  entirely  omitted  in  the  Paper,  and  the  Author's 
language  was  extremely  vague.  He  led  one  to  think  that  he  had 
some  mysterious  method  of  bringing  old  boiler  plants  up-to-date 
and  of  reorganizing  the  whole  system.  Not  one  single  example  was 
given  of  the  results  of  any  such  reorganization.  There  was  a  vague 
statement  that  75  per  cent  to  80  per  cent  could  be  got  by  hand- 
firing  or  by  stoker-firing  after  "  reorganization,"  but  not  a  single 
case  was  cited  to  prove  this.     Of  the  80  tests,  covering  299  boilei-s 
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5  tests  covered  70  Lancasliire  boilers  at  comparatively  low  pressure, 
all  of  them  in  explosivcis  works  (war-time  plants).  The  remaining 
7/)  te.sts  covered  1^211  boiler.s  in  miscellaneous  indu.stries.  In  the 
case  of  explosives  plants,  it  might  be  admitted  that  very  little  of  the 
steam  raised  was  used  for  })Ower — roughly  about  one-tenth — and 
the  rest  for  process  work ;  so  that  in  such  plants  thermal  efficiency 
was  the  main  consideration.  Jt  would  have  been  interesting  if  the 
Author  had  given  some  contrast  with  what  America  did  in  similar 
explosives  plants,  as  for  instance  at  the  "  Old  Hickory "  plant, 
where  they  had  68  boilers  each  capable  of  45,000  lb.  steam  hourly — 
easily  equal  to  6  Lancashire  boilers — every  one  being  a  water-tube 
boiler  set  in  a  model  way  with  completely  automatic  multiple-retort 
underfeed  stokers,  and  generating  low-pressure  steam  for  similar 
use. 

The  essence  of  the  Paper,  as  he  understood  it,  was  as  stated  on 
page  297,  an  attack  on  the  National  Electrification  Scheme.  The 
Author  spoke  of  a  stupendous  expenditure,  but  surely  he  must  be 
aware  that  the  capital  cost  went  down  enormously  per  kilowatt 
with  a  modern  large-unit  plant,  and  he  must  also  know  that  it  was 
foolish  to  offer  as  an  alternative  any  reorganization  of  small 
internally-fired  boilers,  only  suited  for  relatively  low  pressures, 
many  of  them  being  in  positions  where  no  proper  condensing 
facilities  were  available.  It  was  absurd  to  contrast  them  with  the 
centralized  modern  station  having  large  units,  surface  condensing 
turbines,  mechanical  stokers,  water-tube  boilers,  and  every  facility 
for  eliminating  manual  labour  throughout  the  whole  procedure. 

Referring  to  the  Author's  figures  for  some  of  the  large 
explosives  works,  he  would  like  to  call  attention  to  what  was 
practicable  with  one  large  unit,  with  mechanically-fired  boilers. 
He  had  before  him  the  test  of  a  single  boiler,  used  for  heating  a 
liuge  building ;  a  24-hour  test,  evaporating  82,995  lb.  of  water 
hourly.  There  was  no  superheater  nor  economiser,  so  that  it  was 
strictly  comparable  with  the  class  of  work  that  was  being  discussed. 
The  82,995  lb.  was  the  actual  evaporation  hourly  on  a  24-hour  test. 
The  heat  losses  in  dry  gases  were  10*  15  per  cent;  the  heat  losses 
in    carbon    monoxide    were    0-04    per   cent;     the    heat   losses    in 
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evaporating  moisture   in   coal  0*37  per  cent;    the  heat  losses  in 
heating  moisture  in  air  0  •  11   per  cent ;  the  heat  carried  away  by 
steam  formed  by  burning  hydrogen  3 '06  per  cent;  and  heat  losses 
by  radiation,  by  combustible  in  ash,  and  unaccounted,  7*56  per 
cent.     The  total  losses  were   21*89   per  cent,  with   exit  gases  at 
467°  F.     The  boiler  efficiency  was  78*11  per  cent  on  tlie  one  unit 
evaporating  82,995  lb.  of  water.     Splendid  iis  that  was  from  the 
thermal  point  of  view,  to  put  in  a  boiler  like  that,  raising  steam 
without  superheat,  saturated  steam  at   116  lb.  pressure,  would  be 
simply  a  ludicrous  proposition  for  a  modern  power  plant  where  the 
steam  pressure  should  be  from  250  lb.  to  300  lb.  with  considerable 
superheat,  and  where  there  would  be  proper  condensing  conditions, 
so  that  it  would  be  possible  to  generate,  as  the  best  stations  were 
doing  in  practice,  at  20,000  B.Th.U.  per  kilowatt-hour,  namely, 
17  per  cent  over-all  thermal  efficiency,  and  of  course  slightly  better 
on  tests  under  the  most  favourable  conditions  of  load.     That  was  a 
perfectly  practical  thing,  and  represented  about  l}j  lb.  of  coal  per 
kilowatt-hour.     The  best  reorganization  it  was  possible  to  get  out 
of  a  Lancashire  boiler    plant  with    100  lb.    pressure,   with  slight 
superheat,  and  non-condensing  engines,  was  bound    to  be  three, 
four,  or  five  times,  or  even  more  weight  of  coal,  so  that  no  real 
attack  on  the  coal-saving  problem  could  be  made  by  plants  which 
were  now  generating  power  on  a  small  scale  under  such  uneconomical 
conditions.     The  remedy  for  such  things  was  wholesale  scrapping 
of    such    small    power    plants.      (He   excluded   the    cases  where 
relatively  small  quantities  of  steam  were  required  for  process  work.) 
For  power,  there  was   no   question  that  the  central  electric  plant 
was  bound  to  sweep  everything  before  it,  as  it  was  doing  throughout 
the  world. 

He  would  like  to  point  out  various  conditions  affecting  the  tests 
of  the  new  explosives  plants.  Taking  No.  23,  13  Lancashire 
boilers  tested  for  24  hours,  the  gases  left  the  economiser  at  649^  F., 
and  in  test  No.  24  with  10  Lancashire  boilers  the  gases  were 
leaving  the  economiser  at  6 1 2 "  F.  He  compared  that  with  1 69^ 
hour  test  No.  11,16  Lancashire  boilers  (also  at  an  explosives  plant), 
gases  leaving  economiser  at    318°  F.      On    the   meaning   of   that 
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extraordinary  difterence  in  the  24-hour  tests,  the  gases  leaving  the 
economiser  at  double  the  temperature  they  should,  nothing  was 
said,  but  it  was  put  down  as  a  defect  of  mechanical  stokers  ! 

He  was  no  advocate  of  the  steam-jet.  It  was  not  used  on  the 
more  modern  type  of  stoker ;  but  at  the  same  time  it  stood  to 
reason  that  there  was  no  excuse  for  misleading  figures  being  put 
into  tests,  as  when  steam-jets  were  taking  ten  times  what  they 
normally  should.  If  anything  .about  a  plant  was  thoroughly  out  of 
order,  it  certainly  ought  to  be  taken  into  account  and  put  right 
before  tests  were  recorded.  There  were  cases  where  steam  drive 
was  properly  used  for  stokers  and  fans  under  certain  circumstances. 
Of  course,  in  a  big  modern  plant,  electric  drive  was  the  only 
practical  thing.  For  modern  high-pressure  superheated  steam 
conditions,  the  stokers  should  be  electrically  driven ;  and  modern 
types  of  stokers  were  electrically  driven,  especially  in  large  units. 
But,  in  industrial  plants,  steam  drive  could  be  highly  economical, 
provided  that  the  latent  heat  was  recovered,  either  by  condensing 
it  by  contact  with  the  feed-water,  or  in  process  work.  In  the 
plant  No.  77,  the  actual  practice  was  to  recover  all  the  latent  heat  of 
the  auxiliary  exhaust  steam  in  the  soda-recovery  plant  of  this 
paper-mill.  That  fact  was  entirely  ignored  in  the  test  figures 
given  by  the  Author.  Then  there  were  other  conditions  where  the 
test  figures  were  obviously  wrong,  and  the  stoker  had  to  bear  the 
burden. 

The  big  boiler  unit  he  had  quoted  as  evaporating  82,995  lb.  of 
steam  hourly  was  not  by  any  means  the  largest  steam  unit  existing  ; 
but  it  might  be  compared  with  Test  3,  of  16  Lancashire  boilers  at 
102  lb.,  with  slight  superheat,  burning  just  under  4  tons  of  coal, 
.  actual  evaporation  69,500  lb.  of  steam  per  hour  for  all  16  boilers. 
If  it  were  "  reorganized,"  as  the  Author  would  suggest,  by  taking 
out  the  mechanical  stokers  and  doing  things  of  that  sort,  there 
would,  he  presumed,  be  at  least  ten  men  per  shift,  whereas  one 
single  stoker  on  a  large-unit  boiler  could  do  the  whole  thing. 

In  conclusion,  he  would  point  out  that  nearly  all  the  plants 
referred  to  by  the  Author  were  pre-War  plants,  for  low  steam- 
pre.ssure,  with  all  sorts  of  uneconomical  features,  and  installed  at  a 
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time  when  fuel  and  labour  were  something  like  a  quarter  of  what 
they  now  cost.  There  were  very  small  facilities  for  modernizing 
during  the  war  period.  Now  the  War  had  ended,  there  was  every 
reason  for  radical  alterations  which  would  reduce  the  coal  bill 
very  considerably.  He  submitted  that,  in  the  majority  of  cases 
certainly,  the  scope  for  saving  would  be  found  extraordinarily 
small  in  the  methods  advocated  by  the  Author.  He  would  like  to 
ask  the  Author  to  give  at  any  rate  one  typical  case  of  what  he  had 
been  able  to  do,  and  what  precisely  was  his  "scientific  reorganization," 
which  consisted,  as  far  as  he  could  see,  of  little  but  the  supersession 
of  mechanism,  and  a  return  to  brute  manual  labour. 

Mr.  David  Rushworth  said  he  wished  to  ask  a  question  with 
regard  to  the  CO.,.  In  view  of  the  fact  that,  according  to  the 
Author,  the  average  percentage  of  CO2  for  such  a  large  number 
of  plants  was  only  8*25,  and  one  of  the  advantages  claimed 
for  mechanical  stoking  was  the  high  percentage  of  COo,  he  would 
like  the  Author  to  give  his  opinion  as  to  the  working  of  the  CO2 
recorders  in  practice,  especially  in  connexion  with  the  bonus  system 
for  firemen. 

One  matter  which  he  thought  had  been  overlooked  in  the  Paper, 
under  the  heading  of  the  "  Life  of  the  Boilers,"  was  the  fuel 
economiser ;  and,  in  his  opinion,  it  was  a  very  important  matter  when 
dealing  with  combined  plants,  mechanical  stokers  and  economisers. 
He  found,  from  an  experience  of  over  thirt}"-  years  with  economisers, 
that  mechanical  stokers  had  an  effect  on  the  tubes  of  the  economisers 
to  such  an  extent  that  in  many  cases  they  only  lasted  to  just  half 
the  life  an  economiser  should  last ;  and  from  investigation  it  had 
been  found  that  the  steam  passing  along  with  the  gases — he 
referred  to  the  coking  and  sprinkling  type  which  used  steam- jets — 
condensed  on  the  exterior  of  the  tubes  at  the  lower  ends,  with  the 
result  that  either  sulphurous  or  sulphuric  acid  was  formed,  which 
ate  through  the  hard  skin  of  the  cast-iron  pipe,  causing  it  to  waste 
away  rapidly.  He  would  be  glad  if  the  Author  could  give  his 
experience  as  to  the  effect  of  mechanical  stokers  on  the  life  of 
economisers,  as  it  was  a  most  important  point. 


322  MECHANICAL   STOKER   TESTS.  March  1920. 

Mr.  Alfred  W.  Uennis  said  it  was  really  difficult  to  take  the 
Paper  as  a  serious  contribution,  for  it  purported  to  give  "exact" 
data  on  the  problems  of  mechanical  stokers,  and  some  obvious 
errors  were  noticeable  in  the  Tables.  For  instance,  the  figures  of 
the  water  in  the  long  tests  were  obviously  wrong.  The  description 
of  the  J  uckes'  grate  had  no  relation  whatever  to  the  Paper,  an<l 
a  coking  stoker  did  not  work  like  a  chain-grate,  as  the  bars  in  the 
latter  had  no  relative  motion  one  to  another.  On  page  268  the 
Autlior  said  that  the  information  supplied  by  stoker  manufacturers 
could  not  be  regarded  as  unbiased,  but  neither  could  that  of  the 
Author  be  so  regarded,  for  reasons  which  he  would  advance  later. 

The  Author  complained  of  the  Coal  Control  Department's 
opinion,  but  that  opinion  was  correct.  Mechanical  stokers  saved 
labour  in  the  fire-hole.  One  of  the  largest  Government  explosive 
factories  ran  a  range  of  thirty-two  Lancashire  boilers,  which  were 
much  harder  pressed  than  any  that  could  be  found  in  the  Tables, 
entirely  with  girl  labour  for  a  long  time,  and  the  girls  were  not  of 
the  type  to  be  found  in  the  Scotch  factories,  but  were  just  the 
ordinary  type  of  girls  that  one  would  not  have  thought  could  handle 
a  shovel  at  all.  They  had  not  to  shovel  the  coal,  but  only  to  clean 
out,  and  they  managed  to  clean  the  clinker,  even  when  in  large 
lumps,  from  the  backs  of  the  furnaces.  The  Ministry  records,  he 
believed,  showed  that  that  particular  plant  had  the  most  economical 
record  for  low  coal  consumption  of  any  steam  plant  under  their 
direct  control.  Low-grade  fuels  which  the  Author  could  not  burn 
at  all  with  his  type  of  hand-firing  could  be  burned  with  mechanical 
stokers  and  self-cleaning  furnaces,  or  self-cleaning  furnaces  with 
hand  labour  as  the  case  might  be.  He  would  like  to  know  how  it 
was  that  so  many  plants  had  had  to  adopt  mechanical  stoking 
during  the  War,  to  enable  them  to  keep  steam  which  they  could  not 
maintain  by  hand  firing.  Many  collieries  were  burning  the  tops 
and  bottoms  of  the  coal  with  30  to  40  per  cent  of  clinker  in  it,  and 
doing  it  satisfactorily.  It  was  true  that  the  output  of  the  boilers 
was  somewhat  reduced,  but  the  material  was  an  absolutely  waste- 
product  and  it  was  being  used  and  producing  steam.  It  was  so 
well  known  that  an  efficient  mechanical  stoker  could  make  more 
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steam  than  by  hand-firing,  that  lie  waa  surprised  such  a  question 
had  ever  been  raised. 

The  Author  gave  exact  figures  for  eighty  plants,  but  in  his  (the 
speaker's)  opinion  the  plants  were  not  typical.  Most  of  the  tests 
were  taken  during  or  immediately  after  the  War,  when  every 
factory  was  disorganized  and  the  real  firemen  had  left  and  unskilled 
labour  had  taken  their  places ;  many  things  were  in  a  state  of 
disrepair — the  brick- work  was  bad  and  there  were  leaks  all  over  the 
place,  and  firms  had  other  things  to  do  than  look  after  their  boiler 
plants :  they  were  busy  making  munitions  to  help  to  win  the  War. 
He  did  not  think  the  Author's  tests  were  entirely  disinterested. 
The  Author  went  on  to  say  that  his  heating  values  of  fuel  were 
taken  with  a  bomb  calorimeter  direct  from  the  fuel  as  fired.  That 
was  not  possible  in  cases  where  the  fuel  contained  an  undue 
proportion  of  moisture,  and  would  require  drying  before  testing. 
In  such  cases  there  was  a  source  of  possible  error  in  all  the 
efficiency  figures. 

Reference  was  made  (page  272)  to  economisers  and  the  fact  that 
the  mechanical  stokers  had  an  advantage  ;  but  generally  speaking 
the  high  saving  with  an  economiser  was  a  proof  of  ineificient  firing. 
The  high  equable  furnace  temperature  of  a  mechanically-fired 
boiler  should  tend  to  increased  absorption  of  heat  in  the  boiler,  and 
where  a  large  saving  was  made  in  the  economiser,  it  meant  generally 
that  a  large  excess  of  heat  was  passing  away  from  the  boiler.  That 
might  be  due  to  badly  scaled  boilers,  or  to  the  admission  of  too 
large  an  excess  of  air,  which  caused  the  gases  to  flow  more  quickly 
through  the  flues. 

On  page  274,  the  statement  was  made  that  high  steam-pressure 
was  an  advantage  for  mechanical  stokers ;  on  the  contrary  it  was 
no  help  to  getting  high  boiler  efficiency,  but  rather  the  reverse,  as 
the  gases  must  pass  from  the  boiler  at  a  higher  temperature.  He 
thought  the  Author's  deductions  were  quite  wrong.  On  the  same 
page  the  Author  rather  scofied  at  certain  figures  which  had  been 
given  by  the  mechanical  stoker  makers.  He  would  particularly  take 
exception  to  one  figure,  the  81*1  per  cent,  because  that  appeared 
to  be  a  i^esult  which  his  own  firm  had  published.     But  his  firm  had 
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never  sjiid  that  that  figure  was  obtained  on  the  "  boiler  only,"  as 
the  Author  stated.  They  said  it  was  boiler,  economiser,  and 
superheater,  and  they  had  also  stsited  that  everything  in  that 
particular  plant  was  as  good  as  it  could  possibly  be  got.  The 
boilers  were  cleiin  and  the  coal  was  good,  and  there  was  an  induced 
draught  plant ;  in  fact  it  was  an  ideal  plant  for  getting  high 
efficiency.  It  was  made  on  eight  Lancashire  boilers  at  the  Formby 
Power-IIouse  of  the  Lancashire  and  Yorkshire  Railway,  with 
weighed  water,  and  weighed  coal,  and  he  thought  there  were  aboiit 
thirty  observers  ;  all  his  firm  had  to  do  with  the  test  was  to  run 
the  actual  stokers  themselves  and  copy  down  the  figures  obtained 
{see  page  327).  He  might  further  say  that  those  figures  had  been 
maintained,  and  now  and  again  slightly  improved  upon,  during  a 
run  of  twelve  years,  and  the  machines  were  still  doing  good 
work.  Table  15  (pages  324-5),  consisting  of  the  results  of  twenty- 
six  tests,  included  one  test  of  164  hours'  duration,  which  gave 
an  average  efficiency  of  73  "7  per  cent,  and  an  average  hourly 
evaporation  of  11,241  lb.  At  the  bottom  of  the  Table  figures 
are  given  in  comparison  with  the  Author's  Table  3  (page  275). 

On  Table  4  (page  277),  the  CO.  results  did  not  tally  with  the 
Author's  conclusions.  It  was  admitted  in  the  Paper  that  the  CO.j 
was  better  in  mechanically-fired  boilers,  but  that  the  results  were 
worse.  The  Author  also  said  that  the  mechanical  stoker  burned 
more  coal  and  at  less  efficiency  than  hand-firing,  but  still  there  was 
a  higher  COa-     He  could  not  see  that  those  results  were  compatible. 

With  regard  to  the  amount  of  steam  produced,  the  figures  in 
Table  15  of  the  twenty -six  tests  would  go  to  prove  that  the 
Author's  figures  were  ridiculously  low.  Of  course  in  boiler  plants 
one  did  not  make  all  the  steam  one  could,  but  only  the  steam  that 
the  factory  actually  required  at  the  time  ;  so  that  an  average  figure 
of  600  gallons,  equivalent  to  6,000  lb.  per  boiler  per  hour,  might 
mean  that  at  one  time  a  factory  was  only  taking  4,000  lb.,  and  at 
another  time  might  be  taking  10,000  lb.  or  more  per  boiler  per  hour. 

The  Author  discussed  the  question  of  the  flexibility  of 
mechanical  stokers,  and  made  the  fatal  mistake  of  lumping  all 
kinds  of  mechanical  stokers  together.     It  was  obvious  that  some 
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were  good  for  steady  and  moderate  loads,  and  others  were  good 
for  heavy  and  intermittent  loads,  and  would  respond  to  a  dye- 
house  or  steel- works  load.  Lastly,  the  Author  said  the  scientific 
control  of  steam-power  plant  was  not  understood.  He  wondered 
if  the  Author  had  met  the  testing  staffs  of  such  firms  as  the 
Bradford  Dyers'  Association,  The  Fine  Cotton  Spinners'  and 
Doublers'  Association,  the  Calico  Printers'  Association,  the 
Bleachers'  Association,  Messrs.  J.  and  P.  Coats,  and  British 
Dyestuff  Corporation,  and  any  of  the  consulting  engineers.  He 
could  not  accept  the  Author's  figures  as  those  of  an  independent 
consulting  engineer. 

Report  on  Boiler  Test  made  at 

The  Lancashire  and  Yorkshire  Railway  Co.,  Ltd., 

FoRMBY  Power  Station,  near  Southport. 

Test  No.  321. 

System  of  Firiisg  :  Sprinkler  Type  Stokers  and  Self-cleaning  Furnaces. 

Date  op  Test,  27th  November  1908.    Duration  op  Test,  8  hours. 


(a)  Particulars  of  the  boilers  used  . 

Number  of  boilers 

Type  of  boiler     . 

Size  of  boiler 

Heating  surface  of  each  boiler 

Grate  surface  of  each  boiler 

Ratio  of  beating  surface  to  grate  surface 

Nature  of  draught  (natural,  forced  or  induced)     . 

Type  of  mechanical  firing  apparatus    . 

Heating  surface  of  economiser    .... 

Heating  surface  of  superheater  per  boiler    . 

(6)  Conditions  of  combustion  (averages) : 

Draught  in  inches  of  water-gauge 

,,  ,,  ,,  in  main  flue. 

„  ,,  „  at  fan  . 

Temperature  of  flue  gases  leaving  boiler 

„  ,,  ,,  economiser 

Temperature  of  boiler  room         .... 

Percentage  of  COj  in  flue  gases  at  main  flue 

„  „  „       leaving  economiser 


8 

Lancashire 
8' 6"  x32'0" 
1,200  sq.  feet 
45  sq.  feet 
26-6:1 
Induced 
Bennis 
7,200  sq.  feet 
158 


0-31  inch 
0-77      „ 

830°  F. 
358°  F. 
71-2°  F. 
12  •  7  per  cent 
12-4   „ 
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(c)  Conditions  of  evaporation  (averages) : 

Temperature  of  feed  water  entering  economiser 
„  ,,  boiler    . 

Steam  pressure  by  gauge    .... 

Corresponding  saturation  temporaturo 

Temperature  of  steam  leaving  superheater  . 

Number  of  degrees  of  superheat. 

Hoat  supplied  to  each  lb.  of  water  in  economiser 
„  „  „  boiler . 

„  „  „  superheater 

,.  „  »  total  . 

Factor  of  equivalent  evaporation  as  from  and  at 
212°  F.  (boiler,  economiser  and  superheater) 

(d)  Nature  of  coal  used : 

Name  of  coal     ...... 

Clsiss  of  coal       ...... 

Calorific  value  of  coal  pec  lb.       . 

Proximate  analysis  of  coal :  Volatile  matter 
„  „  „  Fixed  carbon   . 

„  ,,  „  Ash 

„  „  ,,  Moisture 


March  1920. 


52-8°  F. 
196-4'' F. 

155" 75  lb.  per  sq.  inch 
368-51°  F. 
503-7°  F. 
135-19'' F. 

144-19  B.Th.U. 
1,029-25      „ 
74-35      „ 
1,247-79      „ 

1-292 


White  Moss  Colliery 

Slack 

12,762  B.Th.U. 

27-52  per  cent 

54-97 

8-21 

9-30 


(e)  Quantity  of  coal  used : 

Total  weight  of  coal  burnt .... 

Coal  burnt  per  boiler  per  hour    . 

Coal  burnt  per  sq.  ft.  grate  surface  per  hour 

Total  weight  of  ash  and  clinker  . 

Percentage  of  ash  and  clinker  to  weight  of  coal 


82,740  1b. 
1,293  „ 
28-73    „ 
7,392     „ 
8-93  per  cent 


( /)  Qu,a/ntity  of  water  evaporated,  actual : 

Total  quantity  of  water  evaporated 
Water  evaporated  per  boiler  per  hour  . 
Water  evaporated  per  sq.  ft.  boiler  heating  surface 
per  hour  ....... 

Water  evaporated  per  lb.  of  coal. 

Total  heat  supplied  to  water  per  lb.  of  coal  . 

(g)  Equivalent  qtcantity  of  water  evaporated,  as  from 

aiid  at  212"  F. : 
Total  equivalent  evaporation       .... 


686,326  1b. 
10,724  „ 

8-94 
8-29 
10,350  B.Th.U. 


886,717  lb. 
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Equivalent  evaporation  per  boiler  per  hour .         .       13,855  1b. 
,,  sq.  ft.  boiler  heating 

surface  per  hour      .         .         .         .         .         .  11-55      „ 

Equivalent  evaporation  per  lb.  of  coal  .  10"72      ,, 

{h)  Efficiency   (incUuiing    cconomiaers    and    super- 
heater s)  : 

Total  thermal  eiiiciency  obtained         .         .         .81-1  per  cent. 

Mr.  William  Heavell  (Member  of  Council)  said  previous 
speakers  had  already  pointed  out  one  factor  to  which  attention 
should  be  directed,  namely,  that  such  plants  could  scarcely  be 
regarded  as  typical  British  plants.  As  far  as  he  could  see  in 
reading  through  the  list  of  the  uses,  it  appeared  to  be  dealing  for 
the  most  part  with  a  group  of  plants  in  the  woollen  and  similar 
industries  in  the  centre  of  England.  There  were  two  salient 
conclusions  that  could  be  drawn  from  the  Paper :  one  of  them 
seemed  to  be  the  deduction  drawn  by  the  Author  that,  generally 
speaking,  taking  the  first  cost  and  allowing  for  interest  and 
depreciation  and  the  maintenance  of  stokers,  stokers  were  not 
any  good.  He  had  no  doubt  that  the  Author  would  have  that  side 
of  it  dealt  with  very  fully  by  the  stoker-makers.  The  Author 
drew  attention  to  the  quantity  of  steam  used  in  connexion  with 
the  jets,  and,  with  the  exception  of  one  particular  figure,  which  he 
imagined  must  be  a  misprint,  in  Table  11  (page  289),  where  one 
boiler  was  credited  with  having  no  percentage  consumption  of 
steam,  it  was  surprising  to  see  in  some  cases  what  a  large 
percentage  of  total  steam  generated '  appeared  to  be  used  in  the 
steam-jets.  He  himself  had  had  a  number  of  years'  experience  in 
connexion  with  pneumatics,  and  had  been  very  much  struck  with 
the  large  amount  of  waste  which  occuri'ed  from  leakages  and  small 
holes,  and  the  amount  of  air,  and  therefore  steam  which  passed 
away  through  a  small  jet,  was  much  more  than  was  usually  supposed. 
He  did  not  know  whether  the  President  considered  it  worth  the 
attention  of  the  Steam-Nozzles  Research  Committee,  of  which  be 
was  Chairman,  but  it  did  seem  from  the  description  of  some  of  the 
iets  that  they  did  not  show  much  scientific  engineering,  and  that 
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the  holes  which  were  perforated  in  the  end  of  the  \  inch  and  1  inch 
pipes  ditl  not  appear  to  be  desi{»ned  to  get  the  Viest  results  from  the 
steam  blown  through  them.  It  seemed  to  him  that  if  the  steam 
could  be  used  to  induce  a  flow  of  air  in  some  form  of  nozzle,  a  much 
more  economical  use  of  the  steam  would  be  obtained. 

With  regard  to  the  use  of  stokers,  there  was  one  point  of  view 
of  which  the  Author  appeared  to  have  lost  sight.  It  might  be 
that,  in  connexion  with  the  Lancashire  boilers,  with  which  he  was 
principally  dealing  in  that  area  of  England  that  he  had  selected, 
the  average  size  of  the  plants  was  not  so  great  as  it  was  in  large 
power  units  in  electric  lighting  stations  and  the  like.  Undoubtedly 
a  mechanical  system  with  conveyors  did  make  the  work  of  the 
fii-emen  much  less  monotonous  and  much  less  distasteful,  and  in 
these  modern  days,  when  it  was  necessary  to  consider — and  rightly 
so — the  claims  of  labour  for  better  conditions,  the  question  of  the 
monotony  of  firing  was  one  which  employers  of  labour  would  have 
to  take  into  consideration.  He  had  read  recently  in  articles 
in  The  Engineer  on  single-production  machines,  which  many 
manufacturers  had  had  to  install  in  connexion  with  war  material 
in  order  to  get  the  production  down  to  the  lowest  possible  unit 
cost,  where  the  Editor  had  pointed  out  that  the  single-production 
machine  gave  the  operator  a  very  dull  time.  It  seemed  to  him 
that  there  was  no  duller  task  than  that  of  the  fireman  who, 
day  after  day,  had  nothing  to  do  but  shovel  coal  into  a  furnace 
and  clean  out  the  clinker.  From  that  point  of ,  view  alone,  the  use 
of  proper  mechanical  appliances  in  order  to  deal  with  coal  fired  to  a 
boiler,  and  the  removal  of  ash  was,  in  his  judgment,  a  great 
advantage.  He  had  found  it  a  help  in  order  to  get  a  higher 
economy  with  his  own  boiler  plant — and  he  supposed  other  employers 
had  had  the  same  experience — to  give  the  stoker  a  definite  bonus 
or  reward  for  improving  the  average  of  evaporation  from  each 
pound  of  coal,  just  as  a  man  would  be  paid  a  bonus  or  a  piece-work 
price  on  a  single-purpose  machine,  so  that  he  had  an  interest  in  his 
results. 

The  other  general  deduction  one  drew  from  the  Paper — and  it 
surprised  him  rather — was  that  with  the  type  of  boiler  the  Author 
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dealt  with,  even  with  economiser  and  superheater  attached,  he  got 
on  the  average  such  an  extremely  low  efficiency.  The  worst  one 
which  the  Author  took  was  No.  77  (page  313) — and  he  mentioned  it 
because  those  boilers  had  actually  mechanical  stokers,  superheaters 
and  economisers — and  in  that  instance  there  was  an  efficiency  given 
in  column  37  of  43*7  per  cent,  an  amazingly  low  figure  to  those 
who  were  interested  in  good  economical  stoker  practice. 

With  regard  to  the  average  efficiency  of  the  eighty  tests,  he 
would  rather  leave  the  Lancashire  boiler-makers  to  deal  with  that 
question,  as  he  expected  they  would  do  so  faithfully.  He  imagined 
that,  as  far  as  the  makers  of  water-tube  boilers  were  concerned, 
they  would  accept  with  great  equanimity  an  average  figure  such  as 
that  given  for  the  efficiency  of  Lancashire  boilers. 

There  was  a  remark  on  page  264  respecting  the  use  of  the 
Lancashire  boiler,  and  he  ventured  to  say  that  that  remark  as  to 
the  number  of  Lancashire  boilers  v.  other  types,  particularly  water- 
tube  boilers,  could  not  be  correct — certainly  not  correct  to-day — if 
one  took  the  number  of  boilers  or,  better  still,  the  h.p.  or  total 
evaporation  of  each  type  being  constructed.  The  Author  said  that 
the  Lancashire  boiler  had  been  considered,  because  it  was  essentially 
the  standard  boiler  of  the  country  to-day,  and  lower  down  he  said 
that  the  amount  of  coal  consumed  in  Great  Britain  on  Lancashire 
boilers  was  probably  eight  to  ten  times  that  on  tubular  boilers. 
He  thought  that  estimate  could  not  be  correct.  The  Author,  for 
example,  gave  (page  265)  by  deduction  the  total  coal  used  for  steam 
raising  in  boilers  as  58,500,000  tons  per  annum  for  power.  It  was 
commonly  known  that  the  power  stations  in  the  country  used 
7J^  million  tons  of  coal  per  year,  and,  on  the'average,  used  it  much 
more  economically.  It  was  probably  correct  to  say  that  90  per 
cent  of  those  boilers  were  water-tube  boilers,  and  if  the  average 
were  worked  out,  it  would | be  found  that  it  came  to  ll£  per  cent  of 
the  whole,  and  that  was  only  taking  the  boilers  in  the  power 
stations  of  the  country,  and  many  water-tube  boilers  were  used  in 
other  industries  than  in  power  stations. 

He  looked  forward  with  very  great  interest  to  the  further 
Paper  which  the  Author  practically  promised  when  he  said  that  at 
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a  later  date  he  was  going  to  deal  with  the  wide-grate  boilers — he 
presumed  the  water-tube.  He  hoped  tliat  would  fructify,  and  that 
it  would  deal  with  the  application  of  stokers  to  wide-grate  boilers. 
He  thought  there  would  then  be  a  better  set  of  figures  as  to 
over-all  efficiency,  and  he  hoped  it  would  lead,  amongst  other 
things,  to  a  repetition  of  the  historic  battle  of  boiler  types  when 
the  question  of  the  Water-Tube  v.  Lancashire  boilers  could  be 
thoroughly  thrashed  out. 

Mr.  David  Wilson  said  the  contents  of  the  Paper  would  no 
doubt  be  sent  out  broadcast  through  the  medium  of  the  Journal, 
and  he  did  not  think  that  the  information  should  go  forward  from 
such  an  important  Institution  without  very  serious  criticism.  The 
Paper  was  very  misleading,  and  anyone  not  fully  conversant  with 
modern  power  plant  development  might  come  to  the  conclusion 
that  mechanical  firing  was  a  mistake,  not  only  for  narrow-flued 
Vioilers,  but  also  for  water-tube  boilers  ;  whereas  it  was  known  that 
the  demand  for  increased  efficiency,  output  and  labour-saving  put 
hand-firing  practically  out  of  court  for  all  installations  of  any 
magnitude.  It  might  be  that  the  Author's  investigations  were 
confined  to  installations  of  small  size,  and  it  was  well  known  that 
for  a  small  installation  the  type  of  furnace  to  be  adopted  must 
necessarily  depend  on  the  class  of  coal  to  be  used.  If  high-grade, 
low  volatile  coal  were  available,  there  was  no  very  great  thermal 
saving  by  adopting  mechanical  firing,  and  if  an  installation  was  a 
small  one  there  was  probably  very  little  labour  saving,  although  the 
saving  in  mechanical  stokers  was  not  confined  to  the  delivery  of 
the  coal  to  the  furnace.  There  were  also  the  facilities  of  getting 
the  coal  from  the  bunkers  to  the  furnaces,  which  facilities  did 
not  exist  in  hand-firing.  Some  contractors  might  be  guilty  of 
window-dressing,  and  he  was  not  quite  sure  that  the  Author  was 
altogether  innocent  of  that  himself.  But  they  were  not  all  knaves 
and  fools,  and  the  Author  surely  did  not  suggest  that  as  a  result  of 
all  the  long  and  patient  investigations  carried  out,  contractors  were 
simply  now  hoodwinking  the  engineering  public.  He  was  sure  the 
contractors  concerned  with  the  installation  of  stokers  on  narrow- 
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flued  boilers  would  have  a  good  deal  to  say  for  themselves,  and 
whilst  he  held  no  brief  on  their  behalf,  he  w.as  sure  they  would 
make  out  a  good  case. 

Electric-supply  power-station  engineers  had  been  recognized  as 
having  given  much  more  thought  to  the  scientific  combustion  of  fuel 
than  any  other  collective  body  of  steam-users,  and,  while  the  water- 
tube  boilers  predominated  in  electric  supply  stations,  there  were 
at  present  still  some  865  cylindrical  boilers  in  use  in  those 
stations,  of  which  566  were  mechanically  fired,  and  299  hand- 
fired,  representing  66  per  cent  mechanically  fired,  and  34  per 
cent  hand-fired.  Did  the  Author  suggest  that  the  engineers 
responsible  for  the  installation  of  those  mechanical  stokers  in 
electric  power  stations  were  entirely  wrong  ?  In  the  woollen 
industry  42  per  cent  of  the  boilei's  were  mechanically  fired  ;  in  the 
cotton  industry  33  per  cent  of  the  boilers  were  mechanically  fired , 
and  in  the  Yorkshire  district  of  that  industry  55  per  cent  of  the 
boilers  were  mechanically  fired.  In  the  Glasgow  district  73  per 
cent  were  mechanically  fired,  and  in  the  Lancashire  district  (the 
Author's  own  home)  31  per  cent  were  mechanically  fired.  Those 
figures  spoke  for  themselves. 

The  Author  referred  to  the  Lancashire  boiler  as  being  the  standard 
unit.  As  was  well  known,  there  was  no  correct  census  of  boiler 
plant  in  the  country.  The  Coal  Controller  endeavoured  to  obtain 
a  census,  and  if  he  failed,  the  fault  was  not  his  own ;  the 
information  was  not  correctly  forthcoming.  But  so  far  as  the 
information  went,  the  records  received  showed  that,  excluding 
collieries  and  gas  works,  the  total  number  of  boilers  for  steam- 
raising  purposes  in  the  country  was  76,000  of  all  types,  and  of  that 
number  42,000  were  of  the  cylindrical  type,  representing  5;")  per 
cent.  He  thought  the  Author  made  it  92  per  cent  cylindrical  or 
Lancashire  in  the  figures  he  gave.  The  boilers  actually  classified 
in  the  Returns  received  as  "  Lancashire  "  boilers  were  only  29,000 
equal  to  38  per  cent.  He  could  not  vouch  for  the  accuracy  of  tho?e 
figures,  because  it  might  be  the  Coal  Controller  did  not  get  into  touch 
with  every  power-user  in  the  country ;  he  did  his  best  and  .sent 
the  forms  out  through  the  insurance  companies,  and  the  Returns 
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represented  the  boilers  insured  in  addition  to  other  returns  obtained 
direct. 

The  water-tube  boilers  were  now  being  installed  in  industries 
where  the  L;incashire  boiler  was  formerly  con.sidered  the  only  suitiible 
plant.  After  all,  it  was  of  little  value  to  consider  the  number  of 
units  installed ;  the  only  basis  would  be  to  get  some  relative  figures 
of  the  horse-power.  The  cylindrical  boilers  were  limited  to  very 
small  evaporations,  whereas  water-tube  boilers  were  now  built 
up  to  100,000  lb.  per  hour  per  boiler.  When  tho.se  figures  were 
put  into  h.p.,  he  thought  they  would  astound  even  the  Author. 
He  did  not  wish  to  indulge  in  any  personal  reflections,  but  he  was 
sure  the  Author  must  have  in  mind  a  large  dye  works  in  the 
neighbourhood  of  London,  where  he  i-ecommended  Lancashire 
boilers  mechaniciiUy  fired.  That  day  he  (the  speaker)  had  heard 
from  the  manager  of  those  works,  who  .said  he  w.as  entirely  satisfied 
with  the  performance  of  the  plant.  The  only  difference  was  that 
the  stoker  which  the  Author  recommended  had  been  disciirded,  and 
one  of  another  type  was  installed.  He  mentioned  that  case  in 
particular  becau.se  the  Author  also  dealt  with  the  fluctuations  of 
load,  and  at  those  dye  works  the  load  fluctuated  from  9,000  to 
32,000  lb.  per  hour,  and  the  stokers  met  that  in  quite  a  .satisfactory 
manner,  according  to  the  manager  of  the  works. 

The  Author  had  criticized  the  Coal  Control.  Unfortunately  he 
(the  speaker)  had  something  to  do  with  the  Coal  Control  during 
the  War.  The  Author  could  not  understand  the  Coal  Control 
Department  recommending  mechanical  stokers.  He  was  not  aware 
tliat  the  Department  made  any  hard-and-fast  recommendations  to 
install  mechanical  stokers.  As  a  matter  of  fact,  when  they  started 
tiieir  economy  campaign,  tiie  instructions  given  to  all  the  inspecting 
engineers  in  the  country  was  to  confine  themselves  to  suggestions 
or  economy  without  introducing  additional  plant  or  structural 
alterations.  The  oidy  thing  Mr.  Brownlie  could  be  referring  to 
was  an  Address  which  ho  (the  speaker)  delivered  in  Glasgow,  in 
wiiicii  he  made  a  prediction  that  eventually  hand-firing  would 
di.sappear,  and  that  prediction  he  stood  by  to-day.  The  use  of 
mechanical  stokers  was  of  the  greatest  possible  assistance  during 
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the  serious  trouble  in  connexion  with  coal,  in  enabling  the  pit 
refuse  throughout  the  country  to  be  burned.  One  of  the  lai'gest 
collieries  in  South  Wales  was  installing  an  entire  plant  of 
mechanical  stokers  after  the  fullest  examination.  He  considered 
the  Author's  firm  was  doing  admirable  work  in  advocating  better 
Scientific  Control,  but  it  was  getting  on  dangerous  ground  when  it 
made  statements  which  reflected  on  the  judgment  of  some  of  the 
best  power-station  engineers  in  the  country. 

Mr.  Akthur  Spyer  said  he  had  listened  with  great  interest  to 
the  Author's  explanation  of  his  Paper,  and  he  certainly  admired 
very  much  the  careful  way  in  which  he  had  constructed  a  trench  in 
front  of  himself  by  limiting  himself  so  severely  to  Lancashire 
boilers  only.  He  was  very  much  surprised  to  hear  the  Author  say 
that  mechanical  stokers  were  good  for  water-tube  boilers  but  were 
no  good  for  Lancashire  boilers.  It  was  the  same  stoker  in  both 
cases.  Did  the  Author  not  really  mean  that  it  was  not  the  fault  of 
the  stoker,  but  the  fault  of  the  boiler  ?  He  had  read  the  Paper  and 
looked  at  the  efficiencies,  and  for  a  good  comparison  it  was  really 
necessary  in  all  cases  to  eliminate  the  effect  of  superheaters  and 
economisers,  because  they  confused  the  issue.  If  Lancashire  boiler 
makers  were  disposed  to  accept  the  figure  given  by  the  Author  of 
53  per  cent,  he  would  be  very  much  surprised,  and  he  expected  to 
hear  some  of  them  say  something  about  it.  He  held  no  brief  for 
Lancashire  boilers,  but  he  did  not  think  the  Lancashire  boiler 
although  it  might  be  a  prehistoric  construction,  was  quite  so  bad 
as  that. 

He  was  inclined  to  agree  with  the  statement,  that,  given  good 
firing,  one  could  get  as  good  an  efficiency  with  hand-firing  as  with 
a  mechanical  stoker.  That  was  perfectly  true  with  skilful  and  well 
disciplined  men,  and  it  was  possible  to  maintain  that  efficiency  for 
a  comparatively  reasonable  period,  but,  when  it  came  to  the  long 
and  continuous  working  of  boilers  in  actual  commercial  work,  he 
had  no  hesitation  in  saying  that  the  mechanical  stoker  could  beat 
the  man  easily.  The  Author  correctly  stated  that  the  mechanical 
stoker  in  itself  did  not  save  labour.     That  was  true,  because  there 
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was  just  as  inucli  labour  involved  in  lifting  coal  into  a  coal  hopiKM- 
as  tluM-e  was  in  lifting  coal  from  the  floor  to  the  fire-door  ;  in  fact> 
prohably  rather  more.  The  gain  with  the  mechanical  stoker  lay  in 
the  fact  that  it  lent  itself  so  excellently  to  methods  of  coal  handling 
whii'h  did  away  with  labour  entirely,  but  not  in  the  direct 
application  of  the  stoker  itself. 

The  Author  called  attention  to  the  fact  that  in  power  stations, 
steel  works,  and  engineering  works  generally  the  tubular  boilers 
with  mechanical  stokers  were  adopted.  That  only  proved  the 
point  that  it  was  really  not  the  mechanical  stoker  that  was  at 
fault  but  the  boiler.  In  other  words,  those  concerns  which  were 
prepared  to  pay  the  price  for  well  qualified  engineers  to  run  their 
plants  would  get  good  results,  and  those  who  were  not  prepared  to 
pay  the  price  would  have  to  [lut  up  with  what  they  could  get. 

Mr.  William  H.  Patciiell  (Member  of  Council)  said  a  good 
many  months  ago  he  suggested  to  the  Author  that  he  had  seen 
several  of  his  Boiler  List  papers  published  in  Engineerhig  and 
elsewhere,  and  thought  it  would  be  well  if  he  would  read  a  Paper 
before  this  Institution,  because  he  felt  the  Author's  results  and 
methods  would  be  well  discussed  in  public.  If  I'apers  were  only 
printed  in  a  technical  journal,  it  was  not  possible  to  discuss  them 
as  many  would  like  to  do.  He  now  welcomed  the  Paper.  To  say 
that  mechanical  stokers  were  no  good,  as  had  been  mentioned  that 
evening,  was  not  right.  The  Author  attacked  his  subject  from  the 
chemist's  point  of  view.  The  chemist  was  apt  to  go  round  and 
look  for  CO.,,  but  those  who  had  been  behind  the  shovel  would 
know  that  CO.j  was  not  everything.  He  was  in  a  large  boiler  room 
in  the  previous  week  and  was  told  that  they  had  to  cut  down  the 
COo,  because  they  could  not  afford  to  buy  tlie  dumping  bars  to 
replace  the  failures  which  followed  the  high  production  of  CO.,.  The 
efficiency  obtained  week  by  week  was  now  over  70  per  cent.  The 
condensation  on  economiser  tubes  was  a  matter  for  the  engineer 
and  for  the  chemist,  because  it  came  into  the  practical  working  of 
the  l)oilers.  If  cold  feed-water  were  put  into  the  economiser,  there 
was  bound  to  be  external  condensation  and  cori-osion  ;  it  was  not 
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good  practice  to  put  cold  feed-water  into  economiser  tubes ;  it  was 
necessary  to  put  in  hot  feed,  otherwise  there  was  condensation  on 
the  outside  of  tlie  tubes  due  to  the  moisture  in  the  coal,  quite  apart 
from  the  moisture  due  to  steam-jets. 

lie  agreed  absolutely  with  what  the  Author  said  about  steam-, 
jets.  Those  who  had  sold  him  steam-jets  had  begun  at  2  per  cent 
and  had  gone  up  to  10  per  cent,  but  he  thought  up  to  15  per  cent 
was  nearer  the  mark.  The  Author  was  an  Associate  of  the 
Institution  and  a  chemist,  and  therefore  he  must  not  be  attacked 
as  though  he  were  an  engineer,  but  we  must  all  appreciate  his 
efforts  to  raise  the  efficiency  of  boiler  plants,  which  were  too  often 
neglected. 

Mr.  David  Browxlie,  in  reply,  said  that  it  was  obviously 
impossible  for  him  to  answer  the  whole  of  the  points  raised  in  a 
few  minutes,  which  was  all  the  time  that  remained,  although  he 
would  really  have  liked  to  have  had  an  hour  or  so  to  have  replied 
in  detail.  He  was  therefore  compelled  to  answer  only  one  or  two 
points,  and  would  reply  later  in  writing  to  the  otlier  points  that 
had  been  raised. 

With  regard  to  the  statements  made  by  j\Ir.  Erith  (page  317), 
he  would  like  to  point  out  first  of  all  that  Mr.  Krith  was  entirely 
in  error  in  stating  that  he,  the  Author,  advocated  hand-firing  for 
"  Lancashire "  boilers,  that  he  was  endeavouring  to  -prevent  ideal 
conditions  in  the  fire-hole,  and  that  he  was  recommending  brutal 
manual  labour  in  opposition  to  the  principles  of  Mr.  Ruskin.  If 
Mr.  Erith  would  re-read  the  Paper  he  would  note  that  the  chief 
advantage  he  (the  Author)  claimed  for  mechanical-firing  was  that 
it  resulted  in  easier  conditions  in  the  fire-hole  whicli  was  a  very 
great  advantage,  and  one  which  mechanical  stoker  firms  themselves 
never  emphasized.  In  the  Paper  he  had  not  advocated  hand-firing, 
but  all  that  he  had  done  was  to  discuss  in  detail  the  advantages 
and  disadvantages  of  mechanical  firing.  He  had  pointed  out  that 
efficient  mechanical-firing  was  very  difficult,  and  that  generally 
speaking  the  advocates  of  mechanical-firing  had  greatly  exaggerated 
the  advantages. 
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With  regard  to  the  statement  made  by  Mr.  Erith  that  these 
tests  were  not  a  fair  average  of  the  conditions  of  ithe  country 
because  tliey  were  Ciirried  out  during  the  War  when  propel 
conditions  couUl  not  be  given  of  the  boiler-plant,  he  could  not 
understand  how  sucli  a  stjitenient  could  be  made.  Tn  Table  14  it 
would  be  seen  that  the  date  of  the  test  was  given  in  every  <yise,  and 
that  these  tests  covered  every  year  from  the  year  1911  to  the 
present  time,  and  were  most  certainly  not  Cixrried  out  during  the 
War  only.  Mr.  Erith  also  threw  doubt  on  the  accuracy  of  the  tests 
given,  and  stated  in  support  of  this,  that  in  the  Paper  a  number  of 
plants  were  giving  a  better  elliciency  during  the  week's  test  as 
compared  with  the  day's  test.  There  was  nothing  at  all  surprising 
in  this,  and  it  was  quite  a  commonplace  of  boiler  testing.  If  a 
boiler-plant  were  worked,  for  example,  very  hard  during  the  day 
shift  and  very  easy  at  night,  the  efficiency  at  night  often  increased 
greatly  as  compared  with  the  day,  so  that  the  week's  test  including 
both  shifts  showed  a  general  higher  efficiency  than  the  day  test 
alone. 

He  would  also  point  out  that  the  object  of  these  tests  was 
to  find  out  definitely  and  exactly  the  performance  of  the  boiler- 
plants  in  question  as  they  were  running  normally  from  week  to 
week,  that  is,  what  was  their  real  working  performance  not  under 
special  test  conditions,  but  under  ordinary  conditions.  In  regard 
to  the  complaint  that  there  was  no  heat  balance-sheet,  this 
could  easily  be  made  out  from  the  very  ample  data  that  was 
given.  As  to  the  statement  that  he  went  about  the  country 
advocating  mysterious  methods  of  bringing  boiler-plants  up-to-date, 
there  was  nothing  at  all  mysterious  in  the  matter,  and  all  that  he 
advocated  and  carried  out  was  the  application  of  common  sense  to 
the  working  of  boiler-plants. 

With  regard  to  the  question  of  the  National  Electrification 
scheme,  he  was  of  the  opinion  that  the  advantages  of  this  w^ere 
exaggerated,  and  that  the  whole  scheme  was  extremely  complicated. 
The  advocates  of  this  scheme  seemed  to  overlook  the  fact  that  there 
was  in  Great  Britain  a  very  large  number  of  "Works  in  industries 
like    Calico    I'rinting,    Dicing,    Tunning,    iiiewiug,    tlie    Chemical 
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Industry,  etc.,  which  requix'ed  an  enormous  amount  of  low-pressure 
steam  for  boiling  and  heating.  There  was  no  proper  engineering 
census  of  the  country,  but  he  estimated  that  at  least  15  million  to 
20  million  tons  of  coal  per  annum  were  burned  in  Great  Britain  for 
genei-ating  low-pressure  steam  alone.  It  would  not  make  a  very 
great  ditterence  to  these  particular  Works  if  a  National  Electricity 
scheme  of  Super  Power-Stations  were  carried  out,  and  they  made  a 
present  of  power  electricity  to  these  particular  Works,  as  this 
enormous  amount  of  low-pressure  steam  would  still  be  required. 
The  proper  scientific  method  was  for  these  Works  to  generate  high- 
pressure  ste.am,  to  pass  it  through  an  engine  or  turbine,  and  to  use 
the  low-pressure  steam  for  heating  and  boiling,  generating  at  the 
same  time  practically  all  the  power  they  require  for  nothing.  For 
these  particular  Works  this  method  was  far  more  economical  in  the 
National  interests  than  any  scheme  of  Super  Power-Stations. 

Mr.  Erith  complained  that  the  amount  of  steam  used  by  steam- 
jets  was  excessive  and  ten  times  what  ought  to  be  the  case.  This 
was  the  very  point  that  he  (the  Author)  was  trying  to  bring  out  in 
the  Paper,  namely,  that  people  would  run  boiler-plants  on  such 
unscientific  lines  that  they  took  ten  times  the  amount  of  steam 
for  jets  than  was  necessary.  Mr.  Erith  then  a.sked  why  the  Author 
did  not  give  an  example  of  the  savings  that  he  had  obtained 
on  boiler-plants.  This  was  not  the  object  of  the  Paper,  which  was 
simply  to  bring  l^efore  The  Institution  original  information  as 
to  the  working  of  mechanically-fired  "  Lancashire  "  boiler- plants. 
The  Paper  already  extended  to  50  or  60  pages,  and  if  he  had 
included  all  kinds  of  additional  matter  in  the  way  of  the  results 
of  reorganized  boiler-plants  there  would  be  no  end  to  its  length. 
He  would,  however,  be  very  pleased  at  some  future  time  to  give 
a  Paper  on  these  lines. 

With  regard  to  Mr.  Bennis's  statement  concerning  the  saving  in 
labour  by  adopting  mechanical  stokers,  he  (the  Author)  still  adhered 
to  his  opinion  exactly  as  expressed  in  the  Paper.  The  average  size 
of  boiler-plants  in  this  country  was  less  than  6  "  Lancashire  "  boilers, 
and  on  such  plants  the  saving  in  labour  was  practically  nil ;  in  his 
opinion  the  advocates  of  mechanical-stokiug  grossly  exaggerated  the 
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•savings  due  to  labour.  Mr.  Bennis  mentioned  as  an  example  that 
hi'  knew  of  a  "Lancashiro"  boiler-plant  of  3il  "Lancashire"  boihn-s 
which  •were  working  so  well  with  mechanical  stokers  that  all  that  was 
necessary  was  to  work  the  plant  with  girl  labour.  He  (the  Author) 
stilted  tliat  he  rather  thought  he  w.as  well  acquainted  with  the 
woi'king  of  this  particular  plant.  They  were  getting  an  efficiency 
of  about  55  per  cent,  and  they  had  120  girls  on  the  plant  in  '^  shifts 
of  8  hours  each,  that  is,  40  girls  per  shift,  corresponding  to  1  girl 
per  boiler  and  8  girls  over,  pottering  about.  They  had  also  5  or  6 
foremen  on  each  shift  over  these  girls,  and  although  he  did 
not  know  exactly  what  these  girls  were  paid  in  wages,  he  knew 
at  any  rate  that  they  were  well  paid,  and  the  cost  of  running  this 
plant  from  the  point  of  view  of  labour  was  extraordinary.  If  that 
was  Mr,  Bennis's  idea  of  the  efficiency  of  mechanical-firing 
from  the  point  of  view  of  labour-saving  then  he  was  extremely 
sorry. 

Mr.  Bennis  also  stated  that  collieries  were  largely  adopting 
mechanical-stoking.  It  is  quite  true  that  some  collieries  were 
doing  this,  but  it  was  quite  true  also  that  scores  of  collieries  had 
given  up  mechanical-stoking,  and  gone  back  to  hand-firing.  Mr. 
Bennis  also  raised  the  point  that  these  tests  were  not  fair,  because 
they  were  carried  out  during  the  War  only,  but  it  would  be  seen 
from  Table  14  that  the  tests  ranged  from  1910  to  the  present  time. 
Mr.  Bennis  gave  data  about  the  running  of  a  particular  boiler-plant 
which  was  giving  80  per  cent  net  working  efficiency  on  mechanical- 
stoking.  He  (the  Author)  had  not  the  slightest  doubt  that  this 
was  so,  and  in  fact  one  or  two  of  the  tests  carried  out  showed  an 
efficiency  of  over  75  per  cent,  as  seen  in  Table  14. 

He  stated  that  he  still  adhered  to  his  statement  that  there 
was  not  5  per  cent  of  the  boiler-plants  in  Great  Britain  fitted 
with  water-meters,  and  not  2  per  cent  of  boiler-plants  run  on 
proper  scientific  lines,  and  this  was  the  chief  cause  of  the  very  poor 
results  being  obtained  on  boiler-plants  generally  in  great  Britain. 

Mr.  Reavel  (page  329)  was  under  a  misapprehension  when  he  stated 
that  the  tests  were  all  c;irried  ovit  in  the  Midlands,  especially  in  the 
Woollen  Industry.     As  a  matter  of  fact  the  tests  were  carried  out 
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all  over  the  British  Isles,  and,  with  regard  to  the  Woollen  Industry  in 
particular,  some  of  the  tests  were  in  the  West  of  England,  and  some 
of  them  in  the  North  of  Scotland,  With  regai'd  to  the  point  raised 
that  in  one  of  the  tests  it  was  stated  that  0  per  cent  of  steam  was 
used  by  steam-jets,  this  was  quite  correct.  The  plant  in  question 
worked  the  mechanical  stokers  without  using  the  steam-jets  at  all, 
and  risked  the  bars  of  the  mechanical  stoker  being  burned  out. 

He  thought  that  the  data  given  by  ^Ir.  Wilson  were  extremely 
interesting,  and  it  was  time  that  a  proper  Engineering  Census  of 
the  country  was  carried  out.  He  was  not  opposed  entirely 
to  mechanical-firing,  and  in  various  cases  his  firm  had  installed 
mechanical  stokers  and  would  do  so  again.  It  must  also  be 
remembered  that  certain  firms  insisted  on  mechanical-stoking,  and 
in  such  cases  he  had  to  recommend  the  best  mechanical  stoker  in 
his  opinion,  because  after  all  the  boiler-plant  belonged  to  the  firm 
in  question,  and  if  they  insisted  in  spending  their  money  on 
mechanical  stokers  they  were  quite  entitled  to  do  it.  ]\lr.  Wilson 
stated  that  the  largest  coUiery  in  South  Wales  was  being  equipped 
with  mechanical  stokers.  He  thought  that  this  was  no  argument 
in  favour  of  mechanical-stoking,  and  he  could  point  to  many 
collieries  where  they  were  discarding  mechanical  stokers. 

With  regard  to  Mr.  Patchell's  remarks,  he  wished  to  repeat 
that  he  had  not  stated  that  mechanical  stokers  were  no  good, 
but  simply  that  the  advantages  claimed  for  them  were  exaggerated. 
As  Mr.  Patchell  had  given  him  advice  as  an  engineer  to  a 
chemist,  he  had  pleasure  in  saying  in  reply,  speaking  as  a 
chemist  to  "an  engineer,  that  at  any  rate  a  chemist  understood 
thoroughly  how  to  take  data,  which,  with  regard  to  boiler-plants,  an 
engineer  apparently  did  not,  and  this  was  one  of  the  reasons  why 
15  million  to  20  million  tons  of  coal  per  annum  were  being  wasted 
in  Great  Britain  on  boiler  plants. 

On  the  proposition  of  The  President,  a  hearty  vote  of  thanks 
Tvas  accorded  to  the  Author  for  his  Paper. 

The  Meeting  then  terminated. 
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Discussion  in  Manchester,  Thursday,  25<A  March  1 920. 

The  Chairman  (Mr.  Daniel  Adamson,  INlember  of  Council)  said 
that  aft«r  reading  the  Paper  carefully,  his  own  view  was  that  Mr. 
Brownlie's  text  was  "  Improved  coal  economy  by  better  supervision 
in  the  fire-hole."  He  did  not  read  the  Paper  as  making  any  attack 
upon  mechanical  firing,  or  upon  any  particular  type  of  boiler.  The 
Author  had  done  his  best  to  put  before  the  Institution  the  results 
of  certain  tests  which  he  had  been  privileged  to  carry  out  over  the 
last  ten  years  or  so.  In  the  abstract  which  Mr.  Brownlie  had 
given  to  the  Meeting,  wide-grate  boilers  were  referred  to.  The 
advantage  of  that  type  was  that  the  large  grate  facilitated  the 
combustion  of  inferior  fuel,  and  allowed  larger  powers  to  be 
developed  per  boiler.  More  care  and  attention  was,  however, 
necessary  with  the  water-tube  boiler  than  with  the  Lancashire 
type  referred  to  in  the  Paper.  Some  people  called  the  Lancashire 
boiler  the  mud  tank  boiler.  The  only  attention  it  usually  received 
was  to  keep  putting  coal  and  water  in  and  otherwise  leave  it  to 
look  after  itself.  The  Lancashire  boiler  was  especially  suitable  for 
steam  generation  for  various  trades  which  in  their  processes  made 
sudden  and  intermittent  demands  for  steam,  as  the  Author 
suggested  (page  264)  in  referring  to  certain  very  large  industries 
The  trouble  was  that  the  Lancashire  boiler  was  the  product  of 
many  manufacturers,  and  it  had  been  nobody's  special  business  to 
advertise  its  advantages. 

One  interesting  point  was  worth  mentioning.  In  the  working 
of  any  boiler,  one  could  get  a  very  considerable  increase  in  the 
output  by  shutting  ofi"  the  feed  for  a  time.  Boilers  which  had  a 
large  water-line  area,  of  which  the  Lancashire  boiler  was  the  best 
example,  lent  themselves  peculiarly  to  that  method  of  operation. 
The  Author  referred  (page  278)  to  the  average  output  from 
80  boiler  plants  as  approximately  600  gallons  per  boiler  per  hour, 
and  the  average  size  of  the  boilers  as  30  feet  by  8  feet  6  inches. 
A  boiler  of  that  size  and  rate  of  output  would  lower  its  water  line, 
if  the  feed  were  shut  oflF,  at  the  rate  of  about  1  inch  in  the  gauge- 
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glass  in  ten  or  twelve  minutes.  So  if  one  had  a  large  range  in  the 
gauge-glass — 3  to  5  inches — the  fireman  could  carry  on  for  half  an- 
hour  or  an  hour  with  the  feed  shut  off,  and  get  this  increased 
output  from  the  boiler. 

A  valuable  feature  of  the  Paper  was  the  data  now  made 
available  by  the  Author.  Very  little  information  of  that  kind 
had  been  published  previously,  and  their  thanks  were  due  to 
Mr.  Brownlie,  because  he  had  made  an  effort,  more  or  less 
successful — as  the  discussion  would  no  doubt  show — to  fill  the  gap 
which  had  hitherto  existed  in  definite  information  as  to  what  was 
being  done  with  boiler  plants.  In  these  days  coal  economy  had 
become  a  national  necessity.  It  was  essential,  for  many  reasons, 
to  be  more  economical  in  the  combustion  of  coal,  and  it  really  came 
to  this,  that  the  dearer  coal  became,  the  better  it  was  for  the 
engineering  trade.  Appeals  had  been  issued  to  be  more  economical, 
which  generally  meant  having  better  plant  and  renewing  it  more 
frequently.  Therefore  dear  coal  was  an  advantage  to  most  of  the 
people  at  that  Meeting. 

The  Author  had  laid  some  stress  upon  water-meters,  but 
water-meters  alone  were  not  sufficient  to  ensure  economical  working 
of  plant.  They  were  one  valuable  step  in  that  direction,  but  it  was 
no  use  measuring  water  unless  there  was  some  check  upon  the 
wetness  of  the  steam  as  it  was  being  turned  out  of  the  boilers. 
One  point  which  perhaps  the  Author  had  not  overlooked  in  making 
his  tests  was  to  make  sure  the  blow-off  cock  was  tight. 

The  question  of  steam-jets  well  deserved  the  attention  which 
Mr.  Brownlie  had  given  to  it.  He  had  given  particulars,  extending 
over  8  or  9  pages,  of  tests  he  had  made  as  to  the  steam  used,  or 
wasted,  by  steam-jets.  That  was  a  point,  as  he  said,  which  was 
very  often  overlooked  by  users  through  want  of  more  information. 
It  was  suggested  (page  272)  that  scale  in  the  boilers  would  reduce 
the  efficiency  very  seriously.  He  (Mr.  Adamson)  would  suggest 
that  there  were  two  factors  more  important  than  scale — flue-dust 
on  the  fire  side  of  the  boiler  plates,  and  air  leaks  through  the 
brickwork  of  the  boiler-setting.  In  his  opinion,  those  were  more 
important  than  the  ordina^ry  scale  which  was  found  in  boilers. 
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The  A  uthor  might  not  care  to  reply  to  his  next  question,  but  if 
he  could  give  some  hint  as  to  the  type  of  superheater  which  was 
most  generally  approved  of  in  connexion  with  the  Lancashire 
hoiler,  it  would  be  of  use  to  many  engineers.  As  he  had  not  been 
afraid  of  criticizing  stokers  and  other  equipment,  perhaps  he  would 
not  hesitiite  to  give  a  few  hints  as  to  superhciiters. 

One  thing  which  occurred  to  him  (iNIr.  Adamson)  in  reading 
the  Paper  was  that  mechanical  stokers  alone  were  not  a  "  cure- 
all  "  for  the  various  ills  that  afflicted  steam  raising.  One 
must  show  some  discretion  in  the  original  choice,  and  they  must 
have  attention  in  their  working ;  neglect  of  these  obvious  factors 
might  account  for  the  poor  results  found  by  the  Author.  The 
life  of  the  boiler  need  not  necessarily  be  aftected  by  the  use  of 
mechanical  firing.  In  the  last  few  years  he  had  seen  boilers  being 
re-seated  after  forty  years'  use.  They  had  to  be  re-seated  merely 
becjiuse  it  was  necessary  to  rebuild  the  foundations  which  had 
settled ;  then  the  boilers  were  put  to  work  again  in  the  original 
boiler-house.  As  far  as  the  life  of  the  boiler  was  concerned  more 
depended  upon  the  feed- water  than  upon  the  tiring.  Given  good 
feed-water,  the  life  of  a  boiler  plant  would  be  much  better  than  if 
good  feed-water  were  not  provided.  For  instance,  furnace  crowns 
would  be  brought  down  very  soon  if  thei'e  was  oil  in  the  feed-water. 
If  water-softening  plant  were  used,  and  the  boilers  were  not  blown 
out  sufficiently  frequently,  they  would  have  a  saturated  state  of 
the  water  in  the  boiler  which  would  not  then  conduct  the  heat 
away  from  the  fire  as  quickly  as  purer  water  would  do,  and  the 
sides  of  the  furnace  then  came  in.  Perhaps  it  was  not  always 
realized  by  boiler  users,  that  even  if  they  had  a  water-softening 
plant,  they  would  pump  into  the  boiler  slight  percentages  of 
impurities,  and  as  no  scale  appeared  on  the  monthly  or  quarterly 
examination,  it  was  thought  all  was  well  and  they  went  on  happily, 
pumping  this  very  dilute  mixture  into  the  boilers  and  forgetting 
that  the  solids  did  not  pass  away  with  the  steam,  but  remained 
in  solution  until  the  water  in  the  boiler  became  almost  a 
non-conductor,  unless  blown  down  frequently. 

There  was  in  his  opinion  less  elasticity — flexibility  was  the  word 
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used  by  the  Author  (page  279)— in  mechanical  firing,  on  a  sudden 
demand.  One  reason  was  that,  with  mechanically-fired  boiler  plants 
working  quite  satisfactorily  and  giving  the  required  steady  output, 
they  did  not  care  to  increase  the  speed  of  the  stokers  to  give  extra 
output  on  special  occasions,  because  of  the  fear  that  this  practice, 
which  the  management  recommended  to  be  applied  in  emergencies, 
would  be  used  too  frequently  without  instructions  from  head- 
quarters, and  the  stokers  would  be  run  at  so  high  a  rate  that  the 
wear  and  tear  would  soon  become  serious.  There  was  a  certain 
rate  which  was  the  economic  rate  as  regards  wear  and  tear  and 
output ;  if  that  were  exceeded,  the  wear  and  tear  increased  out  of 
all  proportion  to  the  increased  output. 

One  very  troublesome  factor  was  the  mechanical  removal  of 
ashes.  It  was  fairly  easy  to  convey  coal,  because  it  lent  itself  to 
mechanical  conveyance,  but  ashes  were  just  the  opposite.  The 
removal  of  ashes  was  an  essential  part  of  the  economical  mechanical 
firing  of  a  boiler,  otherwise  they  left  to  the  human  element  the 
very  arduous  job  of  removing  hot  ashes.  That  also  must  be  done 
mechanically  to  ensure  perfect  success  for  mechanical  firing. 

Mr.  J.  W.  AiNSWORTH  said  he  did  not  aspire  to  the  dignity  of  a 
fuel  expert  or  boiler-house  magician,  but  was  a  member  of  a  well- 
known  engineering  firm  which  had  specialized  in  boiler-house 
plants  for  forty  years,  and  which,  in  the  course  of  its  engineering 
ramifications,  had  the  audacity  to  supply  mechanical  stoking  plants 
at  the  rate  of  about  1,000  furnaces  per  annum,  and  which,  if  the 
present  demand  continued,  would  be  supplying  these  plants  at  the 
rate  of  1,500  furnaces  per  annum  in  a  few  months'  time,  that 
being  equal  to  equipping  twelve  to  fifteen  Lancashire  boilers  with 
mechanical  stoking  outfits  per  week  to  the  exclusion  of  hand-firing 
appliances.  This  was  apart  from  mechanical  firing  appliances  for 
other  types  of  boilers. 

The  object  of  the  Paper  seemed  to  be  an  endeavour  to  persuade 
steam-users  generally  that  the  old  method  of  hand-firing  boilers  (if 
scientifically  controlled,  presumably  on  some  special  formula  known 
only  to  Mr.  Brownlie)  was  better  and  more  efficient  and  a  bigger 

2  A 


346  MECHANICAL   STOKEK   TESTS.  March  1920. 

(Mr.  J.  \V.  Ainswortl).) 

financial  gain  to  the  steam-user  than  an  efficiently  mechanically- 
fired  boiler.  From  a  lifelong  expei'ience  of  boiler-house  plants  he 
absolutely  refuted  that  contention.  To  deal  with  the  subject  in  a 
manner  worthy  of  its  nature  was  impossible  that  evening,  and  he 
must  merely  content  himself  with  putting  forward  a  few  comments 
on  Mr.  Brownlie's  analysis  of  advantages  and  disadvantages. 

Efficiency. — The  Author  remarked  that  it  was  claimed  that 
mechanical  firing  was  more  efficient  than  hand-firing,  and  most 
extraordinary  statements  on  that  point  were  made  by  some  of  the 
firms  supplying  mechanical  stokers.  The  Author  said  that  one 
firm  stated  that  the  average  saving  was  10  to  40  per  cent  of  the 
coal  bill,  and  instances  were  given  of  even  52  •  5  per  cent  saving, 
references  being  given  to  the  extraordinary  tests  given  in  makers' 
catalogues.  He  presumed  that  the  Author  did  not  mean  to  infer 
that  mechanical-stoker  manufacturers  were  foolish  enough  to  go  to 
a  steam-user,  and  to  oflfer  to  supply  mechanical  stokers  and  furnaces 
under  a  general  guarantee  of  40  to  50  per  cent  saving  in  fuel.  The 
usual  guarantee  (of  course,  he  was  speaking  chiefly  on  behalf  of  the 
firm  he  represented)  was  a  saving  of  7^  to  10  per  cent  in  fuel  costs, 
as  compared  with  hand-firing  for  equal  boiler  evaporation,  and  a 
minimum  increased  steaming  capacity  from  the  boilers  of  20  per 
cent.  He  might  say  that  as  far  as  the  firm  he  represented  was 
concerned,  the  percentage  of  failures  to  fulfil  this  general  guarantee 
did  not  amount  to  ^  per  cent — that  is,  they  had  not  one  failure  per 
200  installations. 

The  statement  that  on  an  average  the  saving  obtained  in  two 
years  would  pay  for  the  cost  of  the  installation  was  by  no  means 
extraordinary.  He  would  go  further  than  that  and  state  that  it 
was  a  poor  sort  of  mechanical  stoker  that  could  not  repay  its  entire 
cost  in  fuel-saving  in  considerably  less  than  two  years  at  the 
present  time.  A  saving  of  even  5  per  cent  in  fuel  costs  at  the 
present  price  of  coal  on  most  boiler  plants  would  repay  the  cost  of 
the  apparatus  in  two  years.  Referring  to  savings,  it  might  interest 
the  Author  and  those  present  to  know  that  the  fitting  of  a  boiler- 
house  plant  at  a  colliery  in  Durham  recently  saved  the  whole  of 
the  coal  consumed  on  the  boiler  by  hand-firing.    That  was  somewhat 
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startling,  and  he  would  relate  how  it  was  done.  Under  ordinary 
hand-firing  conditions,  to  generate  the  steam  required  for  the 
colliery  a  good  saleable  fuel  had  to  be  used,  but  the  mechanical- 
stoker  firm  saw  the  possibility  of  utilizing  the  waste-pit  heaps,  and 
persuaded  the  firm  to  put  down  a  crusher.  This  pit  refuse  was 
crushed  to  a  size  suitable  to  the  mechanical  stokers,  and  the  whole 
of  the  steam  required  for  running  this  colliery  was  generated  on 
the  boilers  with  the  refuse  fuel  and  the  whole  of  the  fuel  that  had 
been  previously  used  released  for  sale  in  the  open  market.  The 
saving  in  fuel  costs  in  that  installation  was  sufficient  to  pay  for  its 
cost  every  three  months. 

Percentage  of  CO.^. — It  was  claimed  that  mechanical  stokers 
gave  a  higher  percentage  of  COj  in  the  flue  gases.  He  was  unable 
to  deal  fully  with  that  matter  then,  but  it  was  generally  admitted 
that  a  well-covered  grate  with  no  bare  patches,  such  as  was  generally 
obtained  by  efficient  mechanical  stoking,  was  much  more  conducive 
to  high  CO2  than  a  haphazard  method  of  throwing  the  fuel  by 
hand  on  to  the  grate  where  an  uneven  fire  was  generally  inevitable 
and  bare  patches  frequent. 

Life  of  Boiler. — That  was  not  of  very  much  account  comparatively, 
but  he  thought  it  might  be  justly  claimed  by  mechanical-stoker 
makers  that  the  life  of  a  boiler  might  be  prolonged,  due  to  the 
better  distribution  of  the  fuel  on  the  grate,  and  the  more  even,  if 
somewhat  higher,  temperature  in  the  flues,  which  had  a  tendency  to 
prolong  the  life  of  the  boiler-plates. 

Amount  of  Steam  produced. — He  was  really  surprised  to  ihear 
that  there  was  any  difierence  of  opinion  on  that  point,  but  he 
could  assure  the  Author  that  his  firm  had  never  come  across  a 
hand-fired  installation  yet,  that  with  their  mechanical  stoker  and 
furnace  they  could  not  beat  by  from  15  to  25  per  cent  the  amount 
of  steam  raised  on  the  boiler.  On  that  point  he  could  report  no 
failures. 

Flexibility  of  Steam  Output. — There  might  be  a  diflference  of 
opinion  on  that  point,  and  some  mechanical  stokers  were  not  as 
flexible  as  others,  and  he  could  instance  a  well-known  combine  in 
Yorkshire  whose  demand  for  steam  for  their  driving  and  process 
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work  was  essentially  a  fluctuating  one.  That  particular  company 
had  a  large  engineering  stall'  and  a  number  of  boiler-house 
specialists  who  had  made  the  testing  of  boiler-house  plants  their 
special  study.  They  had  tested  hand-firing,  of  course,  and  every 
make  of  mechanical  stoker  and  furnace  used  over  a  number  of 
years,  on  their  special  testing  plant ;  and  they  had  specialized  on 
one  particular  mechanical  stoker  and  furnace  as  being  the  most 
suitable  for  their  intermittent  load,  and  had  upwards  of  300  boilers 
fitted  with  mechanical  stokers  and  furnaces. 

Flexibility  of  Quality  of  Fuel  Used. — That  again  depended  on 
the  type  of  stoker  and  furnace  put  forward,  but  he  would  refer  the 
Author  to  hundreds  of  boilers  fitted  with  mechanical  stokers  and 
furnaces  and  in  some  cases,  self-cleaning  furnaces  alone,  upon 
which  fuel  was  being  burnt  that  could  not  possibly  be  handled  by 
the  ordinary  hand-firing  methods.  His  previous  reference  to  the 
colliery  in  Durham  was  typical  of  those. 

Aviount  of  Fuel  Burnt. — He  claimed  emphatically  that  more  fuel 
could  be  burnt  per  square  foot  of  grate  on  an  efficient  mechanical 
stoker  and  furnace  (with  the  exception  of  the  anthracite  fuels 
usually  found  in  South  Wales)  than  was  possible  by  the  best  and 
most  scientifically  controlled  hand-firing  plant.  The  usual  rate  per 
square  foot  of  grate  on  a  Lancashire  boiler  was,  with  the  mechanical 
stoker  and  furnace  with  which  he  was  familiar,  30  to  35  lb. ;  that 
was,  with  average  conditions  as  to  draught  say  ^  inch  to  ^  inch 
W.G.  at  bridge  in  boiler,  and  it  was  quite  possible  without  unduly 
forcing  the  boilers  with  a  free  burning  fuel,  to  consume  as  much  as 
40  lb.  per  square  foot  of  grate  per  hour.  The  figure  of  24*3  lb. 
per  square  foot  of  grate  per  hour  given  by  Mr.  Brownlie  as  an 
average  consumption  per  square  foot  of  grate,  on  mechanical-stoker 
fired  plants,  was  not  correct. 

Black  Smoke. — He  was  glad  to  note  that  the  Author  generously 
awarded  tlie  palm  to  mechanical  stokers  in  this  respect,  and 
therefore  he  (Mr.  Ainsworth)  would  make  no  further  comments. 

Cost  of  Ujjkeep. — The  Author  stated  that  most  firms  of  stoker- 
makers  asserted  that  the  cost  of  upkeep  was  practically  nil.  He 
was  not  aware  of  that  fact.     It  was  quite  obvious  that  there  must 


March  1920.  MECHANICAL   STOKER  TESTS.  349 

be  some  upkeep,  and  the  amount  of  upkeep  on  all  classes  of 
machinery  was  largely  dependent  upon  the  handling  and  overlook 
of  it,  but  under  normal  conditions,  and  with  average  attention  the 
upkeep  costs  on  a  mechanical  stoker  and  furnace  in  his  experience 
need  not  exceed,  after  the  first  two  years,  5  per  cent  per  annum  on 
the  outlay,  and  in  very  many  cases  it  was  considerably  less  than 
that. 

Steam-Jets. — This  was  a  contentious  point,  and  the  Author 
apparently  considered  it  very  vital  from  the  elaborate  Tables  he 
had  prepared.  There  again  it  depended  upon  the  type  of  stoker 
and  furnace  put  forward.  He  had  heard  of  hand-fired  furnaces  of 
the  forced- draught  type  taking  as  much  as  from  5  to  10  per  cent  of 
the  total  steam  produced  on  the  boiler,  and  even  in  that  case  it 
might  pay  the  user,  if  he  were  able  to  utilize  a  low-grade  fuel  that 
it  would  be  impossible  to  burn  under  the  ordinary  methods  of  hand- 
firing  ;  but  with  the  stoker  and  furnace  with  which  he  was  familiar, 
very  elaborate  tests  had  been  made  over  a  series  of  years  on 
the  steam  consumed  by  the  jets,  which  worked  out  at  2^  to  3  per 
cent  of  the  total  steam  generated  on  the  boiler.  In  estimating  the 
savings  effected  by  the  use  of  mechanical  stokers  and  furnaces,  the 
steam  taken  for  the  jets  was,  of  course,  accounted  for. 

Cost  of  Labour. — The  savings  efl[ected  in  this  respect,  of  course, 
altogether  depended  upon  the  size  of  the  plant.  With  a  single 
boiler  or  say  two  boilers  and  even  three  boilers,  no  material  savings 
in  labour  could  be  eflfected  by  the  installation  of  mechanical  stokers, 
but  on  plants  of,  say,  four  boilers  and  upwards  very  considerable 
savings  could  be  eflfected.  Take  for  instance  a  range  of  eight 
Lancashire  boilers  fitted  with  mechanical  stokers  and  furnaces,  and 
mechanical  fuel  and  ash  handling  machinery.  Two  firemen  and  an 
ash-man  could  manage  such  a  plant  comfortably  and  efficiently. 
Under  ordinary  hand-firing  conditions,  four  firemen  and  an  ash- 
man would  be  necessary.  Assume  a  colliery  working  three  shifts  a 
day,  the  saving  would  be  two  men  per  shift.  The  average  wages  of 
these  two  men  would  be  about  £8  per  week.  The  net  saving  per 
week  would  be  £2A,  say  £1,200  per  annum,  equivalent  in  itself  to  a 
return  of  about  25  per  cent  per  annum  on  the  capital  expended  for 
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the  whole  plant.  The  bulk  of  firms  and  steam-users  generally  were 
now  alive  to  the  savings  to  be  effected  by  the  installation  of 
mechanical  fuel-handling  machinery  in  addition  to  mechanicjil 
stokers,  and  he  thought  he  was,  therefore,  justified  in  contending 
that  there  was  considerable  saving  in  labour  to  be  gained  from  the 
adoption  of  such  a  plant. 

SJcllIed  Attention. — Some  skilled  supervision  was  certainly 
necessary  in  a  fire-hole  ;  and,  where  the  plant  was  sufficiently  large 
to  warrant  it,  they  always  suggested  a  skilled  charge-hand  in 
addition  to  the  firemen.  The  wages  of  such  a  man  were  accounted 
for  many  times  over  by  the  extra  efficiency  of  the  plant  due  to  such 
attention. 

Dealing  generally  with  the  Paper,  he  was  afraid  he  could  not 
accept  it  as  being  written  without  bias.  He  did  not  for  a  moment 
doubt  the  figures  of  the  tests  carried  out  by  the  Author  and  his 
staff,  but  he  did  emphatically  assert  that  they  could  not  accept 
Mr.  Brownlie's  figures  as  being  a  true  criterion  of  the  relative 
merits  of  a  hand-fired  and  an  efficiently  mechanically-fired  boiler- 
house.  He  could  only  assume  that  the  tests  in  question  were 
taken  by  the  Author  at  the  instigation  of  various  steam-users  who 
were  attracted  by  his  suggested  saving  of  30  per  cent  to  40  per 
cent  in  the  fuel  bill ;  and  he  (Mr.  Ainsworth)  could  only  assume 
that  those  firms  were  so  convinced  that  their  boiler-houses  were  in 
such  a  bad  state  and  so  poorly  managed  that  they  thought  it 
desirable  to  invoke  the  Author's  services,  and  that  the  figures  put 
forward  were  the  results  of  tests  conducted  on  those  obviously 
inefficiently  managed  boiler-houses.  The  Author  surely  could  not 
expect  engineers  and  steam-users  generally  to  accept  those  figures 
as  a  justification  of  the  humdrum  method  of  hand-firing  and  the 
entire  dependence  upon  manual  labour,  or  the  necessity  for  the 
institution  of  the  Author's  system  of  scientific  control. 

Mr.  G.  Dale  said  for  a  number  of  years  he  had  been  in  charge 
of  a  very  important  boiler-plant  on  behalf  of  a  large  firm  in  South 
Lancashire,  and  he  was  always  on  the  look-out  for  anything  which 
would  be  helpful  or  any  hints  that  would  tend  to  increase  efficiency 
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in  the  working  of  this  plant.  He  came  to  the  Meeting  with  quite 
an  unbiased  attitude  as  a  learner,  as  one  anxious  to  obtain  more 
light  on  this  subject,  and  he  had  been  keenly  interested  in  Mr. 
Brownlie's  excellent  Paper,  although  he  did  not  quite  agree  with 
the  whole  of  it.  He  thought  that,  generally  speaking,  the 
percentage  of  CO,  in  the  flue-gases  was  a  good  indication  of 
efficiency,  and  that  they  should  aim  at  the  highest  possible 
percentage  that  was  consistent  with  the  elimination  of  carbonic 
oxide,  and  he  considered  that  a  suitable  mechanical  stoker  would 
give  that  result,  if  it  were  properly  looked  after.  He  inferred  that 
the  80  plants  which  had  been  under  investigation  were  not  up-to- 
date,  because  it  appeared  that  not  one  of  them  was  equipped  with 
a  water-meter.  If  that  were  lacking,  it  was  probable  that  other 
essential  apparatus  of  a  scientific  character  was  also  missing.  He 
did  not  know  where  those  particular  tests  were  taken,  but  he  could 
himself  point  to  a  number  of  cases  where  very  efficient  results  had 
been  obtained — where  there  was  a  very  much  higher  efficiency 
when  operating  with  mechanical  stokers  than  could  be  got  with 
hand-firing  arrangements. 

He  gathered  that  the  comparative  figures  of  CO2,  which  the 
Author  quoted,  represented  the  average  of  80  plants ;  for 
mechanical  stokers  8*5  per  cent  CO2,  and  for  plants  with  hand- 
firing  arrangements  7  •  25,  which  was  not  a  very  material  diflference. 
His  (Mr.  Dale's)  experience  confirmed  the  latter  figure  as  being 
approximately  the  average  with  hand-firing  arrangements  applied 
to  Lancashire  boilers  and  Cornish  boilers,  but  when  the  mechanical 
stoker  received  proper  attention,  one  could  get  12,  13  or  14  per 
cent  of  carbonic  acid  gas.  Those  figures  were  now  being  obtained 
in  places  with  which  he  was  daily  in  touch.  He  had  visited  a  good 
many  parts  of  England  and  Scotland,  and  he  was  speaking  from  a 
fairly  wide  experience  when  he  affirmed  that,  if  reasonable  attention 
were  given  to  a  mechanical  stoker,  figures  approximating  to  12  or 
14  per  cent  of  carbonic  acid  were  obtainable. 

With  a  hand-fired  boiler  one  could  not  get  these  high  CO2  tests. 
It  was  very  obvious  that  if  the  tests  were  taken  before  firing, 
between  firings,  and  after  firing — that  is  at  three  difierent  times — 
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three  widely  difl'erent  results  were  obtained.  Sometimes  there  was 
M  very  great  excess  of  air  ;  at  other  times  the  supply  of  air  was  so 
deficient  that  one  was  bound  to  get  carbonic  oxide,  sometimes 
approachin<j  .'i  per  cent,  which  was  very  serious. 

He  did  not  wish  to  advocate  the  use  of  any  particular  kind  of 
mechanical  stoker,  and  he  did  not  believe  that  any  mechanical 
stoker  was  (like  a  quack  medicine)  a  cure-all  for  every  disease. 
When  he  was  asked  to  recommend  a  machine,  he  weighed  the 
conditions  and  did  not  always  recommend  the  same  type.  A 
machine  that  was  suitable  and  gave  the  best  results  in  pre- War 
days  might  be  unsuitable  at  the  present  time,  because  of  the  change 
in  the  quality  of  the  fuel.  The  clinkering  difficulty  was  a  very 
serious  matter.  It  was  intensified,  particularly  in  hand-fired 
boilers,  by  the  very  bad  fuel  they  had  to  use.  He  remembered 
going  to  a  firm  in  Sheffield  in  pre-war  days  and  making  a  series 
of  experiments  on  a  hand-tired  boiler.  They  happened  to  have — 
what  was  very  unusual  in  those  days — a  fuel  so  bad  that  they  had 
to  clinker  every  two  hours,  and  the  result  was  that  only  during  one 
hour  out  of  the  two  did  they  get  good  results.  When  allowance 
was  made  for  the  burning  down  preparatory  to  clinkering,  then 
the  clinkering  period,  and  finally  the  time  occupied  in  getting  the 
fire  to  its  maximum  state  of  efficiency,  they  had  only  about  an 
hour  left  in  which  reasonably  good  results  were  obtained. 
Engineers  were  now  living  in  times  when  they  got  fuel  of  that 
kind  pretty  frequently,  and  a  suitable  type  of  mechanical  stoker 
could  deal  with  it  better  than  any  hand-firing  system.  He  knew 
a  case  where  a  mechanical  stoker  had  been  recently  installed,  and 
clinkering  took  place  every  two  hours.  There  was  very  little  drop 
in  the  steam-pressure  during  clinkei'ing  because  the  clinker  was 
carried  into  the  pit  quite  free  from  combustible  matter,  and  no 
half-burned  fuel  got  into  the  pit.  The  process  of  combustion, 
therefore,  went  on  continuously.  One  had  not  to  suspend  for  a 
time  the  process  of  combustion,  as  was  the  case  when  clinkering  in 
connexion  with  a  hand-fired  furnace. 

Mr.  William  Ingham  said  that  it  used  to  be  said  many  years 
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ago  when  coal  was  7«.  6d.  a  ton  that  the  chief  qualifications  of  a 
good  stoker  were  that  he  should  have  "  a  strong  arm  and  a  thick 
head."  Perhaps  that  might  account  for  a  great  deal  of  the  poor 
efficiency  of  hand-fired  boilers ;  employers  had  not  appreciated 
sufficiently  the  importance  of  employing  and  paying  for  intelligent 
stokers. 

He  was  very  much  interested  by  the  Author's  statement  of  his 
experience  as  to  the  percentages  of  efficiency  of  steam-boilers. 
Some  twenty  years  ago  the  Vulcan  Boiler  Insurance  Co.  issued  figures 
which  showed  that  the  average  efficiency  of  Lancashire  boilers  was 
only  about  56  per  cent.  Mr.  Brownlie  now  told  them  he  had  found 
it  was  only  about  59  per  cent,  which  statement  he  could  quite 
believe.  There  were  a  great  many  elements  which  accounted  for 
the  inefficiency.  His  experience  was  that  the  greatest  source  of 
low  efficiency  was  from  the  influx  of  cold  air  into  the  flues.  In 
nine  Lancashire  boilers  out  of  ten,  if  they  took  a  taper  and  put 
it  in  at  the  bottom  of  the  front  end-plate,  they  would  see  abundant 
evidences  of  the  influx  of  cold  air,  which  was  one  of  the  greatest 
causes  of  loss.  Then  there  was  the  loss  from  bad  covering,  so 
that  he  was  quite  sure  that,  by  proper  regulation  and  investigation, 
this  59  per  cent  efficiency  could  be  brought  up  to  80  per  cent.  If 
well  looked  after,  well  stoked  and  carefully  managed,  the  Lancashire 
boiler  ought  to  have  an  efficiency  of  80  per  cent.  So  there  was 
evidently  a  good  deal  to  be  done  yet.  He  would  accept  no  test 
unless  he  saw  how  it  was  carried  out,  as  tests  could  be  manipulated 
in  80  many  ways  that  almost  any  result  could  be  obtained. 

With  regard  to  the  life  of  the  boiler,  the  Vice-Chancellor  in  the 
local  Chancery  Court  asked  the  speaker  when  he  was  in  the  witness 
box  not  long  ago,  "  What  do  you  consider  is  the  average  life  of  a 
boiler."  He  replied  that  when  he  was  with  the  National  Boiler 
Insurance  Co.  he  had  accepted  boilers  sixty  years  old  for  insurance 
at  the  same  pressure  as  that  for  which  they  were  constructed.  In 
his  opinion,  age  in  itself  was  not  a  factor  which  caused  deterioration 
in  a  boiler,  but  it  was  the  conditions  under  which  it  was  worked 
that  determined  its  "life";  he  could  find  boilers  in  Sheffield  and 
the  suburbs  of  Oldham,  at  Hollinwood,  that  were  worn  out  in  ten 
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years,  wliereiis  otlier  boilers  would  go  on  for  sixty  years  and  more, 
and  still  be  in  good  working  order.  Very  often  the  installation  of 
a  new  apparatus  got  the  benefit  of  other  changes.  A  few  years 
ago  he  was  engaged  in  a  law  suit,  in  which  a  boiler  had  been  sold 
on  the  terms  that  the  payment  should  be  on  the  basis  of  the  Siiving 
in  fuel  effected.  The  old  boilers  had  very  bad  brickwork  drawing 
air  in  all  over,  and  the  man  who  took  the  order  knew  very  well  what 
he  was  doing  when  he  undertook  to  take  payment  in  three  years' 
savings  of  fuel.  The  first  thing  he  did  in  setting  the  new  boiler 
was  to  make  the  brickwork  air-tight  at  all  parts,  so  that  the  firm 
got  a  much  greater  percentage  of  saving  than  they  anticipated. 
But  that  was  not  due  to  the  particular  type  of  boiler.  It  very 
often  happened  that  a  new  appliance  got  the  advantage  of  other 
alterations  which  were  made  at  the  same  time,  and  the  saving  was 
credited  to  the  particular  installation  that  was  being  put  in.  He 
was  engaged  in  another  case  where,  in  one  test  which  was  made, 
they  got  14  lb.  of  water  evaporated  per  pound  of  coal  by  their 
calculations,  but  the  boiler  was  priming  furiously  all  the  time  of 
the  test,  which  was  another  instance  of  inaccuracy  in  getting  out 
the  calculations  after  a  test,  where  the  dryness  of  the  steam  was 
not  taken. 

The  scaling  of  a  boiler  usually  affected  the  efficiency  very 
little,  as  it  generally  formed  in  the  parts  of  the  boiler  where  the 
circulation  was  most  sluggish.  In  a  series  of  tests  carried  out 
some  years  ago  at  IVIulhouse,  it  was  found  that  a  heavily-scaled 
boiler  showed  but  slightly  less  efficiency  than  a  clean  boiler,  simply 
because  the  scale  was  at  the  back  end  of  the  boiler  where  the 
circulation  was  sluggish,  and  not  upon  the  furnace  crown  where 
the  bulk  of  the  work  was  done. 

One  of  the  Presidents  of  the  Manchester  Association  of 
Engineers  some  years  ago  was  made  a  Director  of  a  Company 
which  was  paying  a  very  heavy  coal  bill,  and  he  told  them  that  the 
first  item  he  analysed  was  the  stokers  and  engineers.  He  found 
the  men  were  getting  a  bonus  of  &d.  a  ton  on  all  the  coal  used,  and 
he  reduced  the  cost  of  running  by  about  £10  per  week  by  putting 
an  end  to  that  system  which  was  a  premium  on  waste.     There  was 
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no  doubt  that  mechanical  stokers  would  evaporate  much  more 
water  than  hand-fired  boilers,  because  they  could  burn,  as 
Mr.  Ainsworth  had  said,  as  much  as  40  lb  per  square  foot  of 
fire-grate  per  hour.  A  friend  of  his  who  gave  a  lecture  to  engineers 
in  Oldham  some  years  ago,  was  told  that  there  was  nothing  a 
mechanical  stoker  could  do  that  the  human  stoker  could  not  do. 
His  friend  settled  that  question  by  saying  there  was  not  one  man 
there  who  could  fire  a  boiler  without  opening  the  fire-door,  and  that 
was  what  a  mechanical  stoker  could  do. 

He  was  quite  sure  that  in  a  few  years'  time  a  superheater  would 
be  considered  as  necessary  for  a  Lancashire  boiler  as  an  economiser. 
It  was  coming  very  rapidly.  He  did  not  think  there  was  any 
plant  working,  however  efficient  it  was,  that  could  not  be  improved 
by  at  least  10  per  cent  by  putting  in  efficient  superheaters. 

Mr.  T.  Walton  said  he  was  interested  in  the  question  as  to  how 
the  mechanical  stoker  affected  the  life  of  a  boiler.  That  point  was 
always  lightly  dealt  with,  and  left  in  what,  to  his  mind,  was  an 
unsatisfactory  condition.  The  life  of  a  boiler  depended  very  greatly 
upon  its  use,  irrespective  of  leakage  through  open  brickwork,  upon 
the  rate  at  which  that  boiler  was  used,  its  draught,  the  consumption 
per  square  foot  of  grate  area  and  the  quality  of  the  fuel.  There 
was  a  difference  of  opinion  as  to  what  was  the  correct  height  for 
the  fire-grate  level,  which  really  became  the  under-surface  of  the  fire. 
If  they  put  the  bar  2  inches  below  the  centre  of  the  flue  and  got 
2  inches  of  ashes  or  clinker  upon  it,  the  fire-grate  level  became  the 
centre  of  the  flue.  However,  he  took  the  general  rule  to  be  that 
the  fire-grate  should  be  set  3  or  4  inches  below  the  centre  of  the 
furnace.  He  did  not  know  at  what  particular  level  the  mechanical 
stoker  makers  put  their  grate,  but  he  did  not  think  they  put  it 
much  below  the  centre.  In  the  case  of  moving  bars,  the  grate  was 
(they  might  say)  continually  cleaned,  giving  a  bright  hot  fire. 
Assuming  the  conditions  to  be  good,  the  fire  was  always  at  its  best 
and  always  doing  good  work,  thus  giving  off  a  very  intense  heat 
locally  and  continuously,  not  as  in  hand -firing,  alternately  a 
maximum  and  minimum. 
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Those  who  had  anything  to  do  with  boilers  knew  something 
about  the  hogging  of  the  furnace  flues  and  the  distortion  of  the 
boiler  plates  consequent  upon  the  hogging  of  the  flue.  He  thought, 
in  the  case  of  mechanical  stokers,  a  great  deal  of  the  trouble  that 
arose  was  owing  to  the  localized  heat,  that  is  to  say,  the  fire  was  so 
intensely  hot  on  a  length  of  6  or  7  feet,  that  the  great  heat  was 
localized  upon  those  plates  and  immediately  over  the  bridge.  That 
was  in  the  case  of  stationary  bars.  Where  there  were  moving  bars 
and  an  ash-pit  behind  the  bars,  there  was  a  bridge  beyond  it,  and 
the  heat  was  localized  generally  upon  one-third  of  the  flue.  Beyond 
the  bridge  the  heat  was  not  so  intense,  and  being  more  evenly 
difl'used,  there  was  not  the  same  amount  of  local  hogging  or 
expansion  taking  place  as  there  was  on  the  front  portion.  Due 
to  that  great  amount  of  expansion  or  hogging  on  the  front  portion, 
they  got  a  more  acute  angle  between  the  flue  and  the  boiler  front 
according  to  the  space  between  the  gusset  stay  and  the  flue,  so  that 
the  angle  was  aflfected,  being  in  many  cases  reduced  to  85°  or  86°  ; 
this  action  started  grooving  or  intensified  it. 

Within  the  last  few  days  he  had  had  another  case  brought  to 
him  where  mechanical  stokers  had  been  fitted,  and  since  then  the 
boiler-makers  had  been  continually  on  the  premises.  Prior  to  the 
stokers  being  put  on  the  furnaces,  the  flues  were  put  in  good  order. 
These  mechanical  stokers  had  fixed  bars  and  a  bridge  which  was 
set  about  12  inches  from  the  crown  of  the  furnace,  3  feet  3  inches 
diameter.  The  height  of  the  bridge  was  a  point  on  which  opinions 
differed.  He  himself  did  not  like  a  bridge  at  all,  and  if  a  bridge 
was  not  required  to  prevent  ashes  going  over  the  end  of  the  bars  he 
would  not  have  it.  He  would  allow  the  heat  to  escape  and  difi'use 
itself  along  the  length  of  flue  so  that  the  hogging  of  the  furnace 
flues  should  be  more  even  throughout  their  full  length. 

He  looked  upon  a  mechanical  stoker  as  an  automatic  machine ; 
when  adjusted,  it  would  do  a  certain  amount  of  work,  and  repeat  it 
like  an  automatic  lathe  if  the  fuel  were  kept  regular,  but  if  the  fuel 
changed  from  rough  to  fine  or  from  wet  to  dry,  then  the  necessary 
adjustments  must  be  made.  If  the  attendant  had  a  good  margin 
of  power  and  could  keep  up  steam  without  any  trouble,  he  did  not 
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make  any  adjustment,  for  which  automatic  machines  were  often 
blamed. 

He  was  testing  a  mechanical  stoker  with  a  plant  requiring 
about  34,000  or  35,000  lb.  of  steam  per  hour  generated  by  four 
Lancashire  boilers,  8  feet  in  diameter  by  30  feet  long.  A 
mechanical  stoker  was  placed  on  one  boiler,  and  they  got  some 
good  suitable  coal  and  determined  to  see  what  they  could  do  one 
day  running  the  boilers  from  1.45  to  5.30  p.m.  They  had  very 
soon  to  stop  one  of  the  hand-fired  forced-draught  boilers  and 
slacken  the  blast  on  the  other  two.  Forced  draught  was  fitted 
to  the  mechanical  stoker  also,  and  that  particular  boiler  did  above 
half  the  work.  It  was  evaporating  about  20,000  lb.  of  water  per 
hour  during  the  whole  of  that  afternoon  and  did  it  well,  but  at 
5.45,  about  twenty  minutes  after  the  stoker  was  stopped  for  the 
night,  the  furnace  front-plates  cracked  and  broke  through  for 
7^  inches  and  8^  inches  at  the  roots  of  flanges  to  front  ends,  and 
the  boiler  had  to  be  shut  down.  He  wondered  why  this  should 
happen,  and  came  to  the  conclusion  that  it  was  owing  to  the  great 
heat  generated  on  the  length  of  the  grate  distributed  primarily  on 
the  fijst  10  feet  of  the  boiler,  that  excessive  hogging  took  place  of 
the  furnace  front  and  bent  the  plates  to  such  an  extent  as  to  break 
through  when  the  flues  had  cooled  down.  After  that,  the  bridge 
was  lowered  to  half  the  diameter  of  the  flue,  and  there  was  no 
further  trouble. 

In  respect  to  forced  draught,  he  had  five  boilers  fitted  with  the 
Wilton  Forced  Draught  furnace,  and  he  obtained  better  results 
after  the  bridges  were  taken  down.  He  would  like  to  know  the 
experience  of  anyone  present  who  had  had  furnace  troubles  with 
mechanical  stokers,  and  his  opinion  as  to  whether  high  or  low 
bridges  should  be  adopted  generally.  It  was  certainly  a  very 
important  matter.  One  knew  that  in  many  places  mechanical 
stokers  had  been  taken  ofi"  owing  to  furnace-flue  troubles. 

Mr.  J.  Geldard  congratulated  the  Author  upon  his  plea  for 
scientific  control,  which  he  thought  had  been  in  use  for  over  twenty 
years.     Just  over  twenty-two  years  ago  he  was  put  in  control  of  a 
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steam  plant  and  worked  it  up  in  a  scientific  manner.  In  1900  the 
managing  director  of  the  firm — which  was  now  one  of  the  branches 
of  the  largest  steam-raising  combine  in  the  country,  and  perhaps  in 
the  world — stated  in  a  Paper  that  there  were  mechanical  stokers 
which  were  capable  of  giving  better  results  than  could  be  obtained 
from  any  hand-fired  boiler.  They  discovered  this  fact  very  early  in 
their  experience.  They  made  hand-fired  tests  and  the  figures 
approximated  very  closely  to  the  mean  of  the  Author's,  namely, 
600  gallons.  He  had  taken  two  as  typical — 580  gallons  and  620 
gallons  of  water — and  water  per  lb.  of  coal  7^  and  7f.  These 
hand-fired  furnaces  were  replaced  with  what,  in  his  opinion  now, 
was  a  pre-historic  type  of  stoker  which  to-day  would  be  beaten 
easily.  The  figures  jumped  up  to  862  gallons  and  830  gallons,  and 
the  pounds  of  water  from  7  to  about  9.  Such  was  their  first 
experience.  Shortly  after,  they  had  other  tests  made  on  mechanical 
stokers,  and  it  seemed  strange  to  him  to  find  the  Author  in  the 
year  1920  mentioning  about  600  gallons  per  hour  when  in  the  year 
1898  a  series  of  tests  were  made  which  showed  these  results. 
These  tests  were  made  properly :  there  was  no  possibility  of 
leakage  of  water ;  the  amount  of  moisture  in  the  steam  was 
estimated  with  a  calorimeter  or  was  directly  obtained ;  the  COg  was 
not  taken  by  snap  tests,  but  by  a  continuous  sample  taken  over 
8  or  10  hours  and  collected  over  mercury ;  and  these  were  the  results 
that  were  obtained — 1,200,  1,225, 1,375,  and  so  on,  and  finally  1,625, 
1,675,  and  1,587  gallons.  These  figures  gave  practically  80  per  cent 
efiiciency.  The  capacity  of  this  boiler  to  maintain  its  steam  was 
noted  week  by  week.  The  CO^  was  taken  every  day  for  weeks  at  a 
time,  and  practically  from  one  year's  end  to  another  there  was  little 
or  no  variation  in  the  efficiency  of  that  boiler. 

They  once  made  a  test  to  determine  the  maximum  best  that 
could  be  done  with  any  type  of  hand-fired  forced  draught,  and  the 
result  was  1,062  gallons  on  a  7  ft.  6  in.  boiler.  Some  time 
afterwards  a  mechanical  stoker  was  installed,  and  the  evaporation 
amounted  to  1,212  gallons,  1,237  gallons,  and  1,268  gallons,  and  a 
gain  of  between  5  and  10  per  cent  in  efficiency. 

With  regard  to  fluctuating  loads,  the  Author  had  stated  that 
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mechanical  stokers  would  not  respond.  He  (the  speaker) 
remembered  a  test  taken  under  a  dyeworks  load  with  two  boilers 
working.  The  water  was  measured  very  carefully  each  hour,  the 
water  being  kept  level,  so  as  to  note  the  hourly  fluctuations,  and 
the  stoker  responded  to  a  fluctuation  from  a  minimum  of  1,010 
gallons  per  hour  up  to  a  maximum  of  2,470  gallons  on  the  two 
boilers,  and  practically  in  the  course  of  twelve  or  fourteen  hours  every 
hundred  in  between  was  registered,  the  average  being  1,746  gallons 
per  hour.  It  had  always  been  his  impression  that  the  mechanical 
stoker  could  be  made  easily  to  respond  to  the  most  fluctuating 
loads.  He  had  seen  it  working  on  steel  rolling  mills,  in  dye-works, 
in  collieries,  and  many  other  places  where  fluctuations  were  usual. 

With  regard  to  low-grade  fuel,  a  little  while  ago  he  was 
interested  in  making  tests  with  colliery  refuse.  The  colliery 
possessed  one  boiler  which  burned  about  3,500  tons  of  coal  per 
annum,  and  they  bad  a  large  amount  of  rubbish.  They  intended 
to  spend  about  .£200  to  ^300  on  the  plant,  and  it  was  estimated  by 
the  colliery  engineers  that  2,000  tons  of  coal  would  be  saved  per 
annum,  which  was  probably  worth  to  the  colliery  30s.  to^40s.  per  ton, 
which  was  a  very  good  return  on  the  outlay  of  =£200  or  £300.  But 
this  was  what  had  happened :  with  hand-firing,  the  test  was  started 
at  2.20  p.m.,  water  at  level.  At  2.40  p.m.  a  man  started  cleaning 
out.  At  8.5  p.m.  the  test  was  stopped,  for  the  simple  reason  that 
the  water  had  gone  down  to  low-water  level  owing  to  the  steam 
dropping  from  90  lb,  to  50  lb.,  when  the  injector  refused  to  lift. 
The  man  had  not  finished  his  cleaning  out  then,  and  at  8.5  p.m., 
when  the  test  had  finished,  he  had  to  clean  out  still  more  of  the 
cKnker.  He  had  been  on  it  continuously  from  2.40  p.m.  That  was 
no  exaggeration,  and  yet  the  mechanical  stoker  would  handle 
successfully  conditions  like  that  with  refuse  fuel. 

Mr.  J,  G.  McLean  said  he  spoke  as  a  steam-user  and  steam- 
raiser  of  over  twenty  years'  experience.  He  agreed  with  the 
Author  that  the  subject  of  the  Paper  was  a  very  serious  national 
question.  As  time  went  on,  the  fuel  they  would  get  for  raising 
steam  for  industrial  purpose  would  necessitate  mechanical  stokers 
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being  installed  on  nearly  every  Lancashire  boiler  of  large  or 
medium  size,  because  all  the  good  coal  would  be  wanted  for 
locomotives  and  for  marine  and  household  use. 

There  were  one  or  two  points  in  the  Paper  that  he  would  like  to 
dispute.  One  was  upon  the  question'  of  the  burning  of  low-grade 
fuel.  From  his  own  personal  experience,  he  could  state  there  were 
hundreds  of  thousands  of  tons  of  low-grade  fuel  in  this  country 
which  could  not  be  fired,  owing  to  the  high  percentage  of  refuse. 
In  addition  to  that,  there  were  many  large  Lancashire  boilers 
which  no  man  of  medium  stature  could  reach  to  fire  or  even  clean 
out.     All  that  spoke  strongly  in  favour  of  mechanical  stoking. 

The  Author  stated  (page  279)  that  "  Mechanical  stoker  firms 
claim  that  stokers  will  burn  all  qualities  of  coal."  He  knew  a 
well-known  firm,  the  manufacturers  of  various  stokers  which  would 
burn  any  fuel  except  anthracite  duflf.  The  Author  also  said  that 
no  mechanical  stoker  would  burn  lai-ge  rough  fuel.  The  answer  to 
that  was  very  simple,  namely,  to  crush  it  or  use  a  self-cleaning 
hand-fired  furnace.  The  Author  also  stated  that  no  authentic 
records  were  given  to  prove  the  results  of  mechanical  stokers.  The 
probable  reason  of  this  was  that  most  of  the  large  firms  who  kept 
test  laboratories  were  rather  chary  of  giving  up  the  results  of  their 
working  costs,  lest  their  competitors  should  get  hold  of  the  secret  of 
their  economy  and  larger  output. 

As  regarded  the  upkeep  being  heavy,  he  knew  of  a  well-known 
manufacturing  firm  whose  chief  engineer  made  the  statement  that 
he  could  afford  to  put  in  a  new  mechanical  stoker  every  nine 
months,  and  save  the  price  of  it  on  the  low-grade  fuel  in  use.  As 
mechanical  stokers  generally  would  last  at  least  seven  years,  if  kept 
in  reasonable  condition,  there  must  be  a  very  large  saving  due  to 
the  use  of  mechanical  stokers  over  hand-firing.  In  many  collieries 
hundreds  of  thousands  of  tons  of  fuel  were  available  for  steam 
raising,  which  could  only  be  burned  in  a  sel  i -cleaning  furnace, 
either  as  a. complete  mechanical  stoker  or  as  a  hand-fired  self- 
cleaning  furnace.  There  was  a  well-known  paper-works  which 
could  not  maintain  steam  with  hand-firing.  They  were 
recommended   to  try  a  well-known  fixed  furnace,  and  did  so,  but 
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they  had  to  remove  it  at  the  end  of  four  months  and  replace  with 
mechanical  stokers.  This  occurred  some  seven  years  ago  and  the 
stokers  were  still  in  use.  He  thought  that  was  a  great  testimonial 
to  any  make  of  stoker ;  it  was  sufficient  to  persuade  one  that  hand- 
firing  was  a  thing  of  the  past. 

With  regard  to  the  amount  of  steam  produced,  in  some  cases, 
with  hand-firing,  the  steam  would  be  nil.  In  one  specific  case,  fuel 
containing  62  per  cent  of  refuse  was  consumed.  It  was  true  the 
evaporation  of  steam  was  only  225  gallons  per  hour  on  an  8  feet 
diameter  Lancashire  boiler,  but  hand-firing  would  have  been 
useless. 

The  Author  replied  to  the  Discussion  in  detail  {see  page  401). 

A  vote  of  thanks  to  Mr.  Brownlie  concluded  the  Meeting, 


Discussion  in  Birmingham,  Thursday,  25th  March  1920. 

The  Chairman  (Mr.  WiUiam  Mills,  Member)  said  he  very  much 
regretted  the  absence  of  the  Author.  The  Paper  was  also  being 
discussed  that  same  evening  in  Manchester,  and  Mr.  Brownlie 
naturally  preferred  to  remain  there.  It  was  a  great  disadvantage 
that  the  Birmingham  and  Manchester  Meetings  had  been  arranged 
for  the  same  date,  as  unfortunately  it  deprived  one  of  the  local 
centres  of  the  chief  benefits  of  such  Meetings,  namely,  meeting  and 
discussing  the  Papers  with  the  Author,  for  it  was  very  much  easier 
for  one  man  to  journey  into  the  provinces  than  for  many  men  to 
travel  to  the  Metropolis. 

With  regard  to  the  Paper,  he  would  refrain  from  drawing  upon 
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his  past  personal  experience  with  Marine  Boilers,  as  Mr.  Brownlie 
mainly  concerned  himself  with  Lancashire  boiler  problems.  The 
Paper  was  not  an  ordinary  one.  It  amounted  almost  to  a  national 
indictment  against  engineers  in  charge  of  boilers,  and  more 
particularly  the  makers  and  inventors  of  mechanical  stokers.  He 
was  not  surprised  to  learn  that  upon  its  reading  in  London  an 
unusual  degree  of  interest  was  manifested,  and  he  should  be  anxious 
to  hear  what  the  Birmingham  members  had  to  say.  In  reading  over 
the  Paper  he  was  very  much  struck  by  the  Author's  continuously 
repeated  statement :  "  If  boiler  plants  were  run  on  correct  scientific 
lines,"  etc.,  etc.  But  nowhere  however  did  Mr.  Brownlie  offer  the 
least  description  or  explanation  of  what  these  "  Modern  Scientific 
Methods  "  should  be.  He  could  not  help  regarding  this  omission 
as  unfortunate ;  for  it  reduced  the  value  of  Mr.  Brownlie's  Paper 
very  much.  He  should  not  be  surprised  if  his  own  views  were 
found  to  be  repeated  in  the  discussion.  Certainly  it  was  a  great 
disadvantage  for  criticism  to  be  invited,  as  he  supposed  the  Author 
was  willing  to  accept  criticism,  without  those  whose  interest  and 
opinion  was  sought  being  furnished  with  what  he  must  pronounce 
as  foundation  principles  to  go  upon. 

The  Author  had  not  spared  the  makers  and  inventors  of  the 
mechanical  stoker  in  his  criticism.  All  this  made  it  the  more 
surprising  that  the  information  which  he  had  no  doubt  would  be 
asked  for  in  the  discussion,  was  at  present  non-existent.  He  did 
not  know  if  he  would  be  considered  as  travelling  beyond  his 
province  that  evening  when  he  remarked  that  it  was  very  easy  to 
criticize  and  to  pull  to  pieces.  But  it  was  quite  another,  and 
perhaps  he  might  be  allowed  to  suggest,  a  hai-der  matter  to  create 
or  build  up  something  superior.  In  his  opinion  all  Papers  ought 
to  be  educational  rather  than  critical.  The  Paper  contained  much 
that  was  excellent  concerning  the  necessity  for  greater  fuel  economy 
than  existed  to-day  in  steam-raising.  Everyone  admitted  that  this 
was  a  field  of  engineering  in  which  an  enormous  amount  of  room 
existed  for  invention  and  improvement.  The  advocates  of 
mechanical  stoking  and  of  hand-firing  equally  had  many  things  to 
learn   in   this   connexion.     Unfoi'tunately   it   behoved  works   and 
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factory  owners  to  exercise  increased  diligence  in  watching  their 
coal  bill,  and  particularly  that  portion  of  it  for  which  the  boilers 
were  responsible. 

The  object  of  all  good  firing  should  be  the  making  of  heat  and 
passing  it  to  the  boiler,  not  the  making  of  gas.  He  was  afraid  that  the 
signal  diflference  between  these  processes  was  too  often  overlooked. 
Increased  supervision  should  be  emploj'ed  over  the  men  in  charge 
of  the  boiler,  and  they  should  be  encouraged  by  every  means*  to 
keep  the  fuel  down  to  the  minimum.  It  was  very  difficult  to  arrive 
at  reliable  data  as  a  guide  upon  this  feature  of  boiler  working,  for 
within  his  own  experience  he  found  it  possible  for  the  consumption 
to  vary  considerably  between  good  and  bad  firing.  He  would 
conclude  with  illustrating  what  he  meant.  At  one  time  he  put  in 
a  patent  method  of  forced  draught  into  a  boiler  in  order  to  burn 
small  coal.  The  results  were  very  disappointing,  but  examination 
showed  that  the  fireman,  not  having  experience,  fired  with  a  very 
thick  fire,  and  instead  of  making  heat  and  imparting  it  to  the  boiler, 
he  was  making  gas  which  was  passing  up  the  chimney.  A  first- 
class  professional  fireman,  was  employed,  and  the  conditions  were 
reversed,  there  being  fully  50  per  cent  difierence  in  the  consumption 
with  exactly  the  same  apparatus.  Hence  the  difficulty  of  obtaining 
reliable  data,  unless  all  conditions  were  equal. 

Mr.  J.  Fearn  moved  a  vote  of  thanks  to  the  Author  and  also 
to  Mr.  E.  W.  Anderson  for  his  able  summary  of  the  Paper.  He 
regretted  the  Author's  absence,  and  he  believed  it  was  the  feeling 
of  the  "Meeting  that  the  Chairman  should  draw  the  attention  of 
the  Council  to  the  great  disadvantage  to  the  members  attaching  to 
the  reading  of  a  Paper  in  two  cities  on  the  same  date.  At  the 
works  of  the  Birmingham  Small  Arms  Co.  they  were  well  satisfied 
with  mechanical  stokers,  though  they  had  had  a  varied  experience, 
and  he  was  not  prepared  at  present  to  speak  of  the  invention  as  by 
any  means  perfect.  The  Author  had  rendered  engineers  a  service 
in  the  series  of  Papers  he  had  given,  setting  out  in  great  detail  the 
results  of  the  many  tests  made  by  his  staflf.  From  the  speaker's 
observations  of   two   tests   carried  out   by  the  Author's  staflf,  he 
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believed  that  the  figures  given  miglit  be  accepted  as  accurate  and 
as  fair  as  could  be  expected  from  tests  carried  out  by  a  competent 
independent  stafl'  working  under  commercial  conditions.  In  the 
case  of  the  Paper,  however,  he  thought  that  the  deductions  made 
by  the  Author  were  in  some  degree  misleading.  But  the  Meeting 
might  be  sure  this  was  not  intentional.  The  Author  had  drawn 
two  pictures.  One  was  of  the  miserable  conditions  which  actually 
extsted  to-day,  and  the  other  of  conditions  which  might  be 
looked  for  in  a  perfect  world.  The  speaker  did  not  think  that 
either  picture  represented  what  one  should  expect  in  a  well 
controlled  works.  Everyone  was  well  aware  that  many  firms  spent 
much  money  on  plant  for  increasing  works  efficiency,  without 
deriving  the  full  benefit  of  the  expenditure.  The  facts  placed 
before  them  by  the  Author  were,  he  maintained,  just  an  illustration 
of  this  sttitement.  It  was  extremely  difficult  for  the  engineer  of 
an  ordinary  commercial  enterprise  to  carry  out  continuous  tests, 
and  maintain  the  staffs  necessary  for  continuous  operation  of  plant 
at  high  efficiency  in  any  direction,  where  efficiency  was  not 
immediately  and  clearly  shown  up  in  terms  of  cash.  Engineers 
should  consider  therefore  what  results  could  be  obtained  under 
good  commercial  conditions  rather  than  those  arising  from  the 
sloth  and  indifl'erence  of  the  past  or  an  efficiency  impossible 
of  commercial  attainments. 

He  would  like  to  illustrate  his  contention  by  two  examples 
from  his  own  experience  at  the  works  of  the  Birmingham  Small 
Arms  Co.  They  had  been  under  the  necessity  of  obtaining  an 
enhanced  supply  of  steam  some  time  previous  to  the  War  from 
a  battery  of  8  Lancashire  boilers.  To  obtain  a  further  supply 
of  steam,  the  economisers  of  these  boilers  were  removed  and  two 
additional  boilers  installed  with  obvious  lowering  of  efficiency. 
During  the  War  period  they  found  that  still  enough  steam  was  not 
obtained,  and  in  consequence  mechanical  stokers  were  fitted.  A 
few  comparative  figures  were  given  as  foUows : — 

Battery  of  10  Lancashire  boilers — steam  blowing  off  at  80  lb. 
First  test  with  hand-firing,  the  other  two  tests  with  mechanical 
Btokers. 
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— 

Nov.  11, 
1915. 

April  5, 
1917. 

Jime  6, 
1919. 

4 

No.  of  Boilers      .... 

9 

9 

Smoke.        ..... 

Black 

Negligible 

Negligible 

Calorific  Value  of  Coal. 

12,288 

11,789 

11,366 

Coal  burned   per  sq.   ft.  of  grate ^ 
area  per  hour.         .                   ./ 

29-1 

42-7 

22-8 

Water  evaporated  per  boiler  perl 
hour       .         .         .         .         .  j 

5-102 

7,514 

4,221 

Thermal  efficiency 

I                           ....... 

44-09% 

46-95% 

54-79% 

Steam- jet  apparatus  used  on  two  tests  consumed  6 '02  percent 
of  the  steam  generated.  This  had  since  been  reduced  to  4  per  cent. 
The  number  of  men  employed  on  hand-stoking  was  8  ;  on  mechanical 
stoking  4.  The  cost  of  repairs  per  boiler  per  annum  working  day 
and  night  came  out  at:  materials,  £21  10s.  9d.,  and  labour  and 
charges  (approximately)  £20.  From  what  he  had  narrated  of  his 
experience,  it  would  be  recognized  that  the  B.S.A.  Co.  obtained  the 
steam  they  required,  but  the  experiments  proved  that  it  was  being 
obtained  under  bad  conditions.  Since  the  Armistice  was  signed, 
the  Company  had  been  using  four  boilers  only  of  this  battery  of  ten 
and  mechanical  stokers.  They  had  come  to  the  conclusion  that 
until  they  knew  what  their  future  requirements  would  be,  it  would 
be  folly  to  spend  large  sums  in  remodelling  the  plant.  They  were, 
however,  so  pleased  with  the  results  thus  far  obtained  that  they 
fitted  mechanical  stokers  at  the  beginning  of  last  year  to  another 
battery  of  three  Lancashire  boilers  which  had  an  economiser.  He 
regretted  that  he  could  not  give  the  Institution  figures  as  to  the 
efficiency  of  this  last  plant  before  the  stokers  were  fitted,  but  the 
following  were  the  figures  since  obtained  : — No.  of  boilers,  3,  smoke, 
negligible,  calorific  value  of  coal  9,508  B.Th.U.,  coal  per  square  foot 
of  grate  area  per  hour  30  •  28  lb.,  water  evaporated  per  hour  per 
boiler  5,947  lb.,  and  thermal  efficiency  67*07  per  cent.  He  wished 
the  members  to  note  particularly  that  the  figure  given  for  thermal 
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eflBciency  included  the  eflGiciency  of  the  economiser,  and  was  not  the 
figure  after  deducting  the  steam  used  in  jets.  This  alone  accounted 
for  7*02  per  cent  of  the  total.  He  would  like  to  add  that  during 
the  twelve  months  which  had  elapsed  since  the  battery  of  3  boilers 
and  stokers  were  installed,  the  steam  used  in  jets  had  been 
considerably  reduced.  He  considered  that  the  figures  he  had 
adduced  evidenced  good  average  boiler  practice.  He  was, 
however,  willing  to  admit  that  the  plant  was  still  capable  of 
further  improvement.  He  promised  them  that  this  would  receive 
consideration  when  the  state  of  trade  and  labour  permitted. 

He  believed  that  the  two  examples  which  he  had  given  might 
be  regarded  as  typical  of  the  actual  conditions  prevailing  to-day  in 
the  better  managed  type  of  Lancashire  boiler-plant.  They  aptly 
illustrated  the  diflficulties  which  the  charge-engineer  had  to  face. 
As  the  Meeting  would  have  gathered,  the  plant  first  illustrated 
was  admittedly  extremely  inefficient.  No  one,  however,  would 
so  much  as  even  think  of  altering  it  under  present  trade  and 
industrial  conditions. 

Mr.  A.  E.  A.  Edwards,  in  seconding  the  vote  of  thanks,  entirely 
agreed  with  the  Chairman  that  the  Paper  would  have  been  much 
more  valuable  to  the  Birmingham  Section  of  the  Institution  if  the 
Author  could  have  attended  the  Meeting.  Mr.  Brownlie  had 
offered  only  destructive  criticism,  but  had  he  been  present  they 
might  perhaps  have  induced  him  to  unfold  some  information 
respecting  the  "  modern  scientific  methods  "  of  steam  raising.  He 
hardly  liked  to  mention  purely  elementary  knowledge  to  a  Meeting 
of  Members  of  the  Institution,  but  recently  he  had  frequently 
addressed  non-technical  men  on  the  subject  of  fuel  economy,  and 
the  Meeting,  therefore,  would  perhaps  forgive  him  if  he  called  to 
mind  one  or  two  very  generally  admitted  principles  with  regard  to 
the  operation  of  boilers  which  had  some  bearing  upon  the  Paper. 
If,  in  the  firing  of  Lancashire  boilers,  the  feed  temperature  were 
increased  by  exhaust  steam  by  100°,  the  immediate  result  was  the 
saving  of  10  per  cent  of  fuel.  Another  10  per  cent  would  be  saved 
by  further  heating  the  feed-water  another  100°  in  an  economiser. 
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By  superheating  through  200^  a  third  10  per  cent  of  saving  resulted. 
Opposed  to  this  saving  was  a  loss  of  10  per  cent  which  followed 
upon  taking  out  the  fuel  from  the  furnace  before  it  was  completely 
burnt,  thus  necessitating  the  use  of  the  hose-pipe  on  the  ashes, 
and  an  additional  10  per  cent  loss  readily  occurred  if  attention 
were  not  paid  to  prevent  air-leakages  through  the  boiler-setting 
and  the  periodical  maintenance  of  the  covering.  The  careless 
admission  of  air  in  numerous  different  ways  was  one  of  the  worst 
extravagances  in  fuel  consumption.  Arriving  at  good  efficiency  in 
boiler  running  was  not,  in  his  opinion,  a  difficult  matter.  The 
observance  of  simple  and  well-known  rules  would  very  frequently 
lead  to  remarkable  improvement  in  boiler  running. 

The  important  matter  of  national  coal  consumption  and  the 
various  projects  for  economizing  the  same  appealed  to  him  very 
strongly.  The  situation  of  the  country  to-day  on  this  question 
could  not  be  regarded  with  too  great  concern.  If  Great  Britain 
was  to  maintain  her  present  industrial  lead,  drastic  economies  must 
be  effected  in  numbers  of  directions.  By  those  who  had  any  right 
to  dictate  in  this  matter,  it  was  universally  admitted  that  our 
present  methods  of  steam  raising  by  means  of  coal  were  extravagant, 
well-nigh  beyond  description.  Doubtless  the  members  were  as  fully 
aware  as  himself  that,  at  the  present  rate 'of  consumption,  it  was 
estimated  that  the  British  coal  beds  would  last  for  580  years.  For 
the  past  40  years,  however,  the  consumption  had  increased  2  per 
cent  per  annum  each  year.  This  constituted  the  most  serious 
immediate  problem,  since,  if  this  increase  continued  at  the  same 
rate,  the  coal  measures  would  be  exhausted  in  135  years  from  now. 
It  was  not  a  comfortable  reflection  that  Great  Britain  occupied  the 
lowest  position  in  the  coal  containing  countries  of  the  world,  her 
rank  being  only  2  •  6  per  cent  of  the  whole.  China  had  at  its 
disposal  13  per  cent  of  the  world's  coal  measures  and  Canada 
16  per  cent,  while  the  United  States  came  first  with  more  than 
half  the  total  known  fuel  deposits  of  the  world.  He  objected 
strongly  to  our  present  export  of  coal  to  foreign  markets, 
amounting  as  it  did  to  34  per  cent  of  the  total  amount  raised,  and 
went  so  far  as  to  declare  that  if  a  miners'  strike  stopped  this  export, 
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it  would  be  to  our  advantage.  In  the  long  run  the  country,  it 
must  be  plain  to  all  to  see,  would  be  much  richer  if,  instead  of 
recklessly  })arting  with  its  mineral  treasure  as  at  present  to  the 
Dominions  and  foreign  countries,  it  kept  its  coal  reserves  at  home 
so  that  for  a  greater  number  of  years  they  would  be  available  for 
manufacturing  purposes  in  our  own  country. 

He  had  been  interested  in  the  Author's  resume  of  the  history 
of  the  invention  of  the  mechanical  stoker,  and  it  was  well  to  be 
reminded  that  James  Watt  held  the  distinction  of  being  an  original 
inventor  in  this  department  of  engineering.  He  would  like  to 
insist  thot  surprisingly  good  results  could  be  secured  without 
elaborate  scientific  tests.  Careful  measurement  day  by  day 
should  be  made  of  the  coal  and  water  and  ashes,  and  from  these 
measurements  valuable  data  were  at  once  available  for  working 
upon.  One  of  the  first  rules  in  boiler  minding  was  the  exercise 
of  cjxre  respecting  the  evaporation.  If  in  daily  practice  this  was 
found  to  be  going  down,  it  was  immediately  clear  that  something 
was  wrong  and  search  should  be  made  for  the  cause  without  delay. 
He  might  mention  other  simple  rules  on  the  same  line,  but  he 
refrained  out  of  respect  for  his  audience. 

The  Author  had  referred  to  black  smoke.  He  (Mr.  Edwards) 
would  remark,  however,  that  black  smoke  was  "  not  as  black  as  it 
was  painted."  Yellow  smoke  was  far  worse.  Black  smoke  was 
partially  consumed  yellow  smoke.  The  most  wasteful  furnace  that 
could  possibly  be,  strange  as  it  might  appear,  was  one  giving  off  no 
smoke  at  all.  Whenever  he  came  across  instances  of  this  kind,  he 
immediately  began  to  look  for  too  much  air  getting  into  the  fire 
or  into  the  flues.  Bridges  with  air  inlets  at  the  back  of  the 
furnaces  of  Lancashire  boilers  were  a  fruitful  source  of  too  much 
air  and  consequent  loss  of  efficiency.  He  would  also  like  to 
mention  the  "  power  which  was  necessary  to  '  drive '  the  chimney." 
It  was  obvious  to  everyone  that  if  gas  were  going  up  the  chimney 
at  say  600°  F.,  while  the  furnace  temperature  was  2,400°  F.,  a 
quarter  of  the  heat  was  going  up  also.  Therefore  if  the  energy 
from  the  boiler  were  sufficient  to  drive  1,000  h.p.  engine,  a 
quarter  of  this,  or  250  h.p.,  of  energy  was  "  driving  "  the  chimney. 
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He  protested  against  the  quality  of  much  of  the  coal  which  was 
reaching  the  Birmingham  and  Staffordshire  works,  and  declared 
that  it  was  high  time  that  a  stop  was  put  to  the  present  practice  at 
the  collieries  of  sending  along  any  rubbish  they  liked.  When  the 
Americans  came  into  the  war,  they  had  similar  trouble,  and  the 
Government  stepped  in  on  behalf  of  the  works-users  and  stopped  it. 
Two  years  ago  an  inspection  was  started  of  the  fuel  arriving  at  the 
works  and  a  limit  of  acceptance  was  fixed.  The  tests  showed  that 
half  the  coal  being  sent  in  from  the  collieries  was  below  the 
minimum  standard,  that  is,  it  contained  more  than  20  per  cent  of 
ash.  Drastic  measures  were  at  once  instituted,  against  the  collieries, 
and  in  six  months  only  1  per  cent  of  the  fuel  was  found  to  be 
below  the  fixed  combustible  standard.  He  recognized  no 
insuperable  difficulties  in  applying  American  methods  to  this 
country.  In  America,  Institutions  such  as  this  one  were  invited  to 
draw  up  and  carry  out  regulations  with  regard  to  the  supply  and 
quality  of  coal.  This  was  a  much  better  method  than  ours  when 
we  appointed  a  non-technical  man  to  do  the  job  for  us. 

He  would  like  to  say  a  word  about  the  waste  entailed  upon 
boiler-users  by  present  day  exhaust-steam  conditions.  This  was  a 
matter  which  would  repay  investigation,  even  more  than  the  subject 
they  had  before  them  that  evening.  The  very  best  steam-engines 
designed  to-day,  he  need  not  remind  the  members,  allowed  about 
60  per  cent  of  the  heat  of  the  coal  consumed  to  pass  away  unutilized. 
He  fuUy  agreed  with  the  Author  in  doubting  the  economy 
suggested  by  the  Government's  schemes  of  super-power  stations  and 
national  electrification.  The  Commission  of  Electrical  Engineers, 
set  up  to  inquire  into  this  subject,  of  course  reported  that  there  was 
nothing  on  earth  so  good  as  Electricity.  They  took  as  their  text 
the  Tyneside  Electric  Power  Scheme  where  there  were  blast- 
furnaces, coal,  coke  ovens,  and  factories  all  together,  and  they  drew 
conclusions  which  it  was  absolutely  impossible  even  to  approximate 
in  other  parts  of  the  country  where  the  Tyneside  conditions  did 
not  exist.  They  talked  of  Electric  Stations  on  the  Coalfields, 
forgetting  that  20  tons  of  water  were  required  to  condense  the  steam 
made  by  2  cwt.  of  coal.     Thus  a  river  was  of  much  greater  necessity 


370  MECHANICAL   STOKER  TESTS.  March  1920. 

(Mr.  A.  K.  A.  KdwarcU.) 

than  a  coalfield  near  a  Power  Stixtion.  Much  more  fuel  might  be 
saved  if  attention  were  given  to  the  waste  in  fuel  now  resultant 
upon  steam-engine  exhaust  going  to  the  condenser. 

Reverting  to  his  earlier  remarks,  he  would  like  to  add  that  if 
the  Author  had  given  statistics  showing  the  working  of  hand-fired 
:iud  mechanically  stoked  boilers  after  they  had  been  subjected  to 
Mr.  Brownlie's  "  Modern  Scientific  Methods,"  it  would  have  had 
some  value,  but  in  its  present  form  it  only  told  them  what 
mechanical  stokers  did  under  obviously  bad  conditions.  Even  then 
none  were  quite  as  bad  as  a  hand-fired  boiler  he  (Mr.  Edwards) 
once  tested,  which  burnt  20  lb.  of  coal  per  hour  for  every  horse- 
power obtained.  He  believed  he  was  correct  in  stating  that  there 
were  cases  in  which  the  Author  had  recommended  the  putting  in  of 
mechanical  stokers. 

Mr.  J.  M.  Walshe  thought  that  engineers  generally  would  be 
grateful  to  the  Author  for  the  large  amount  of  data  he  had 
published  on  the  working  of  boiler  plants,  and  particularly  for  the 
information  the  Paper  contained  on  the  working  of  mechanical 
stokers,  but  he  could  not  help  pointing  out  that  it  was  altogether 
wrong  to  use  this  data  for  comparing  hand-fired  boilers  with 
mechanically  stoked  boilers.  Most  of  the  figures  were  obtained 
from  plant  being  worked  on  other  than  correct  scientific  lines,  and 
a  fair  comparison  was  not  possible  under  these  conditions.  A 
well-designed  and  efficient  plant  improperly  handled  would  yield 
bad  results,  while  a  badly  designed  plant  or  system  of  working 
similarly  handled  could  not  do  worse  than  give  bad  results  also,  so 
that  the  Author  only  got  what  he  might  have  expected,  a  low  level 
of  efficiency  and  nothing  to  choose  between  the  two  systems 
compared. 

The  Author  said  that  "  if  run  on  correct  scientific  lines  "  there 
would  be  no  advantage  in  mechanical  firing,  but  no  evidence  was 
put  forward  in  support  of  the  statement.  The  speaker  held  no 
brief  for  mechanical  stokers,  but  spoke  from  experience  in  the  use 
of  them,  and  his  experience  of  hand-fired  and  machine-stoked 
boilers  was — contrary  to  the  opinions  expressed  by  the  Author — 


March  1920.  MECHANICAL  STOKER  TESTS.  371 

altogether  in  favour  of  the  mechanical  stoker.  He  found  the 
latter  more  efficient,  responded  more  quickly  to  fluctuations  in  the 
demand  for  steam,  and  burnt  low-grade  slacks  successfully  and 
economically.  He  thought  the  Author  was  hardly  fair  to 
mechanical  stokers  when  he  compared  (page  275)  the  average  net 
working  efficiency  of  the  eighty  mechanically-fii'ed  plants  with  that 
of  the  250  plants,  part  of  which  were  mechanically  fired.  Put  in 
this  way,  the  comparison  was  59  per  cent  to  60*09  per  cent,  but  if 
he  left  out  of  the  250  plants  the  mechanically-fired  ones,  and 
compared  only  the  hand-fired  piants  with  the  eighty  machine-fired, 
the  comparison  was  59  per  cent  to  57  "8  per  cent  in  favour  of  the 
mechanical  stoker.  The  statement  therefore  that  mechanically- 
fired  plants  were  actually  obtaining  worse  results  than  hand-fired 
was  not  supported  by  the  Author's  figures,  but  on  the  contrary  the 
reverse  appeared  to  be  the  case. 

He  disagreed  with  the  Author's  views  (page  279)  that 
mechanical  firing  was  not  to  be  compared  with  good  hand-firing 
in  responding  to  violent  fluctuations  in  demand  for  steam.  The 
great  majority  of  mechanical  stokers  applied  to  Lancashire  boilers 
automatically  kept  the  fires  clean  and  free  from  clinker,  and  were 
usually  running  in  a  better  condition  to  meet  sudden  overloads 
than  any  but  the  very  best  hand-fired  boilers.  Even  supposing 
that  the  mechanical  stoker  were  slow  to  pick  up  load,  there  was 
nothing  to  prevent  the  fireman  opening  the  doors  and  firing  by 
hand  for  a  time,  with  the  advantage  that  he  had  at  his  command  a 
means  of  forcing  the  draught  which  was  not  usually  available  with 
hand-fired  boilers. 

Machine  -  fired  boilers  properly  handled  gave  a  very  high 
combustion  efficiency  as  indicated  by  the  percentage  of  COg  in  the 
gases,  and  the  two  COg  recorder  charts  which  he  (Mr.  Walshe) 
handed  round  for  the  inspection  of  the  meeting  were  of  interest  as 
showing  what  could  be  done  in  this  way.  No.  1  chart  showed  an 
average  of  14*68  per  cent  for  the  working  day  of  9^  hours.  No.  2 
chart  showed  the  efiect  of  hand-firing  the  boiler  for  a  short  time ; 
the  CO2  dropped  from  13  "5  per  cent  when  the  mechanical  stoker 
was  working   normally  to   8   per   cent  when  fired   by  hand,   the 
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falling  off  being  mainly  due  to  the  admission  of  cold  air  when 
opening  tlie  doors  for  firing.  It  was  worth  noting  that  the 
percentage  of  COo  could  be  carried  too  high,  as  anything  over 
15  per  cent  usually  caused  black  smoke  which  indicated  insufficient 
air,  the  remedy  being,  of  course,  obvious  and  easy.  This  was 
further  evidence  that  the  control  of  the  air  supply  was  better 
with  the  mechanical  stoker  than  was  possible  in  hand-firing. 

The  speaker  was  in  entire  agreement  with  the  Author's  remarks 
on  the  better  conditions  in  the  fire-hole  brought  about  by 
mechanical  stoking.  Brawn  and  brains  did  not  often  go  together, 
and  the  type  of  man  best  suited  for  the  hard  manual  labour  of 
hand-firing  usually  had  not  the  brains  to  appreciate  the  finer 
points  in  economical  steam  production.  Machine  stoking  denoted 
lighter  work,  and  it  was  easier  to  get  the  right  sort  of  man  on 
the  job. 

The  power  plant  in  large  industrial  works  had  in  the  past  been 
rather  neglected,  mainly  because  the  coal  bill  was  relatively  a  small 
matter  as  compared  with  the  other  expenses  of  the  business.  For 
instance,  in  a  large  engineering  works  the  coal  bill  in  a  year  might 
not  amount  to  more  than  the  wages  bill  for  a  fortnight,  and  it  was 
not  to  be  wondered  at  that  the  management  preferred  to  keep  the 
brains  of  the  business  on  the  production  side. 

The  Author  had  done  the  country  a  service  in  publishing  the 
data  in  the  Paper,  if  only  it  aroused  employers  generally  to  the 
possible  savings  they  could  effect  in  their  power  plant,  but  the 
Paper  would  have  been  more  valuable  if  he  had  outlined  what  he 
meant  by  "  correct  scientific  control."  Apparently  he  considered 
this  a  trade  secret,  not  to  be  divulged  by  the  specialist ;  an 
unfortunate  impression  to  create,  and  likely  to  discourage  non- 
technical employers  from  starting  the  good  work  of  reform. 

Mr.  F.  W.  Beeching  said  he  was  afraid  his  experience  would 
have  to  be  registered  on  the  side  of  the  Author.  At  the  works  of 
Messrs.  Kynoch,  Ltd.,  at  Witton,  where  he  was  employed,  they 
formerly  had  six  Lancashire  boilers  fitted  with  mechanical  stokers  of 
the  shovel  type,  but  had  now  discarded  them.     The  difficulties  with 
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the  stokers  were  of  a  mechanical  nature,  the  principal  of  which  was 
the  constant  breakages  of  the  springs  operating  the  shovels.  The 
shovels  also  frequently  came  loose  and  were  thrown  to  the  back  of 
the  fire.  The  upkeep  was  enormous,  and  it  was  mainly  on  this 
account  that  the  plant  was  abandoned.  He  might  add  that  their 
experience  with  jets  was  that  the  consumption  of  steam  used  was 
about  8  per  cent,  a  figure  which  was  nearly  2  per  cent  higher  than 
the  figure  given  by  the  Author  of  6  •  7  per  cent  as  the  approximate 
average  for  the  eighty  tests  conducted  by  him.  As  the  Paper 
remarked,  the  general  use  of  the  jets  was  to  prevent  the 
reciprocating  bars  being  burnt  out  and  often  also  to  assist  the 
draught. 

Mr.  Charles  V.  A.  Eley  said  he  wished  to  thank  the  Author 
for  the  publication  of  the  results  of  bis  labours  over  a  large  number 
of  tests.  Notwithstanding  the  reasons  which  Mr.  Bennis  adduced 
at  the  London  Meeting,  which  might  cause  the  Author  to  give 
unreliable  statistics,  the  speaker  preferred  to  accept  the  large  block 
of  figures  as  being,  in  the  main,  correct.  Any  engineer  who  had  done 
much  boiler  testing,  especially  in  the  Midlands,  and  firing  with 
Midland  coal,  would  know  the  great  difficulty  in  securing  equality 
of  fuel  for  use  with  comparative  tests  for  testing  the  plant  efficiency. 
What  usually  occurred  was  that  when  new  fuel-saving  devices  were 
installed,  either  the  principals  of  the  works,  or  their  engineer, 
insisted  that  the  fuel  which  was  ordinarily  employed  must  also  be 
used  for  the  tests,  so  as  to  have  the  same  working  conditions.  His 
experience  was  that  hundreds  of  such  tests  were  made  with  coal 
having  a  large  proportion  of  dust.  Some  were  made  even  with  all 
dust.  This  he  maintained  caused  many  huge  errors  in  test  figures. 
Any  engineer  who  had  to  carry  out  comparative  evaporation  tests 
to  decide  I  whether  boiler  efficiency  was  increased  with  the  adoption 
of  some  new  appliance  should  test  with  the  highest  quality  fuel, 
which  should  be|  free  from  dust.  Otherwise  a  large  proportion 
might  be  dirt  unobserved.  When  the  true  value  of  the  apparatus 
had  been  fixed  by  the  tests  made  with  the  good  fuel,  any  other  class 
of  fuel  could  be  introduced  afterwards  and  other  figures  obtained 
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for  the  purpose  of  comparing  the  vahie  of  fuels.  He  noticed  that, 
out  of  the  eighty!  tests  recorded  in  the  Paper,  forty-seven  were  run 
with  slack,  and  fifteen  with  mixed  coal.  But  although  the  B.Th.TJ. 
given  might  be  a  fair  average  in  each  particular  case,  it  was  also 
possible  they  might  not  be.  Personally,  he  would  prefer  to  drop 
them  out,  and  work  on  the  results  of  the  other  eighteen  tests  run  on 
fuels  of  such  a  size  as  would  enable  its  approximate  value  to  be 
detected. 

If  the  object  of  the  Paper  was  for  the  members  of  this  Institution 
to  endeavour  to  decide  whether  mechanical  firing  was  more  efficient 
than  hand-firing,  for  the  express  purpose  of  preventing  fuel  wastage, 
he  would  like  to  give  some  actual  test  figures,  obtained  with  the 
greatest  care,. upon  the  application  of  a  new  type  of  forced-draught 
hand-firing  furnace  to  a  battery  of  six  boilers  (five  at  work).  The 
efficiency  was  72 '68  per  cent,  which,  compared  with  Job  No.  5  (page 
300)  having  nearly  the  same  efficiency,  certainly  gave  forced-draught 
hand-fired  furnaces  the  premier  place,  because  such  efficiency  was 
obtained  with  fuel  having  only  10,890  B.Th.TJ.  as  against  fuel 
having  12,760  B.Th.TJ.  in  the  Paper.  Moreover,  upon  looking  very 
carefully  through  the  figures  comprising  his  eighty  jobs,  all  fired 
mechanically,  he  could  see  nothing  to  compare  with  the  hand-firing 
case  stated  above,  except  Job  No.  3. 

The  leading  particulars  of  the  test  were  as  follows ; — Date  and 
place  of  test — 1917,  at  a  colliery.  Duration  of  test — 144  hours 
continuously.  Size  of  boilers — four,  30  feet  by  8  feet  and  one 
30  feet  by  8  feet  6  inches.  Total  grate  area — 143  square  feet. 
Large  coal — 10,890  B.Th.TJ.,  average;  17-9  per  cent  ash.  Total 
coal  burnt — 213  tons  14cwt.  Coal  burnt  per  boiler  per  hour  665  lb. 
average.  Coal  burnt  per  square  foot  of  grate  per  hour  =  23  •  25  lb. 
Draught  at  base  of  stack — 0*75  inch  ;  very  little  black  smoke  ;  T.  of 
flue  gases  before  economiser  800°  F.,  after  economiser  370°  F.,  at  base 
of  stack  690°  F.  The  gases  from  two  boilers  passed  direct  to  the 
stack.  Total  water  evaporated  367,900  gallons  =  5,109  lb.  per  boiler 
per  hour.  Average  feed-water  T.  before  economisers — 190°^  after 
economisers  256°  F.  Average  steam  pressure  91  "5  lb.  The  resulting 
figures  were  7 '68  lb.  of  water  evaporated  per  lb.  of  coal  as  fired. 
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9 'SB  lb.  of  water  evaporated  per  lb.  of  combustible.  Factor  of 
equivalent  evaporation  1  "01592.  7*8  lb.  of  water  evaporated 
per  lb.  of  coal  from  and  at  212°,  9*50  lb.  of  water  evaporated  per  lb. 
of  combustible  from  and  at  212°.  The  boilers  were  fitted  with  the 
Hotchkiss  type  of  circulator  ensuring  the  fullest  transmission  of  flue 
heat  through  the  bottom  plates  of  the  boilers ;  but  no  main 
superheaters  were  fitted.  The  boilers  were  worked  hard  for  eight 
hours  per  day  during  coal  winding,  and  sixteen  hours  easily. 

In  this  test  each  furnace  was  subdivided  into  five  or  six  separate 
furnaces,  consisting  of  ducts  containing  fire-bars  6  inches  wide 
having  an  inclination  towards  the  incoming  air  to  prevent  loss  due 
to  eddy  currents.  The  air  was  injected  by  superheated  steam  from 
y\-inch  jets  fitted  to  each  air-injector.  There  were  ten  injectors  to 
each  8  feet  boiler,  and  twelve  to  the  8  feet  6  inches  boiler.  The  tops 
of  the  fire-bars  were  lowered  to  about  4^  inches  below  the  fire-door. 
This  ensured  a  thicker  fire  than  usual  and  allowed  of  advantage 
being  taken  of  the  water-gas  eflfects  produced  by  the  passing  of 
superheated  steam  through  the  incandescent  fuel.  Beyond  the 
usual  bridges,  at  a  distance  of  about  18  inches,  a  wall  of  fire-brick 
was  built.  This  left  an  annular  space  6  inches  wide  for  half  the 
diameter  of  the  flue,  for  the  hot  flame  and  gases  to  pass  close  up  to 
the  plates.  The  top  part  of  the  brickwork  would  become  sufliciently 
hot  to  ignite  any  gases  passing  over  from  "  green  "  fuel.  This  added 
to  efficiency  and  prevented  black  smoke.  Doors  were  provided 
under  the  bridges  for  secondary  air,  if  required.  His  experiments 
had  convinced  him  that  furnaces  arranged  on  these  lines  would  be 
largely  used  in  future.  They  accommodated  low  grades  of  fuel  such 
as  coke  dust,  and  even  smoke-box  ashes  from  locomotives.  One 
Electric  Light  and  Power  Company  was  to  his  knowledge  burning 
smoke-box  ashes  at  28.  &d.  per  ton  with  such  a  plant  as  he  had 
described  instead  of  burning  coal  at  £2  10s.  or  more  per  ton. 
At  another  similar  power-station,  by  scrapping  mechanical  stokers 
and  fitting  the  furnaces  described,  they  had  altered  their  figure  of 
fuel  cost  per  unit  generated  from  0'Q2d.  to  0'28d. 

Referring  further  to  the  eighty  boiler  plants  tabulated  by  the 
Author,  if  they  were  typical  of  the  whole  of  the  mechanically-fired 
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Lancashire  boilers  throughout  the  country,  the  re.sults  did  not,  he 
con.sidered,  say  much  for  the  mechanical  stokers.  Especially  was 
this  so,  when  it  was  borne  in  mind  that  the  average  efficiency  was 
but  59  per  cent,  and  this  with  seventy-one  of  the  plants  out  of  the 
eit'hty  arranged  with  economisers.  There  were  other  important  points 
inseparable  from  the  fuel-saving  problem.  It  was  not  possible  to 
estimate  the  exact  value  of  the  results  of  ISIr.  Brownlie's  tests 
unless  more  details  were  furnished.  They  must  be  told  for  example 
the  degree  of  freedom  from  air-leaks  into  the  flues,  whether  the 
boilers  were  fitted  with  efficient  circulators,  the  condition  of  the 
interiors  of  the  boilers  and  flues  at  the  time  of  test,  and  the  analysis 
of  feed- water  that  was  employed. 

Some  of  the  reasons  why  he  (Mr.  Eley)  believed,  like  the 
Author,  mechanically-fired  boilers  gave  no  better  results  than 
hand-fired  were:  (1)  Varying  thickness  of  fire  causing  the  forced 
draught  to  break  through  heavily  in  places,  preventing  the  full  rate 
of  combustion  taking  place  at  the  other  parts  of  the  grate,  and 
preventing  the  full  burning  of  low-grade  fuels,  (2)  Soot  had  a 
greater  tendency  to  hang  on  the  furnace  crowns,  which,  combined 
with  a  consequently  thicker  film  of  gas  next  to  the  plate,  would 
retard  the  flow  of  heat  through  them.  (3)  In  some  types  of 
mechanically-fired  furnaces  quite  a  lot  of  unburnt  fuel  was  lost  with 
the  ashes.  (4)  The  power  required  to  work  the  stokers  and  the 
steam  used  through  the  jets  was  sometimes  very  considerable. 

He  was  sure  that  an  enormous  amount  of  material,  and  labour  in 
producing  it,  could  be  saved  by  the  judicious  selection  of  suitable 
furnaces  for  burning  fuel  economically,  and  especially  the  low- 
grade  ones,  a  step  in  the  right  direction  in  the  present  economic 
condition  of  this  country. 

A  hearty  Vote  of  Thanks  was  accorded  to  the  Chairman  for 
presiding  at  the  Meeting. 


March  1920,  MECHANICAL   STOKER  TESTS.  377 


Communications. 

Mr.  Richard  E.  Burcham  wrote  that  he  had  had  a  fairly  wide 
experience  of  various  boiler  plants  and  had  taken  part  in  making  a 
few  tests;  he  agreed  with  the  Author  that  in  the  majority  of 
factory  plants  there  was  plenty  of  room  for  improvement  in  the 
direction  of  working  boilers  more  scientifically.  He  also  agreed 
with  a  good  deal  of  his  remarks  both  for  and  against  mechanical 
stoking.  But  some  of  his  summarized  conclusions  (page*  293)  did  not 
coincide  with  the  writer's  views  as  stated  below,  and  he  thought 
that  one  advantage  of  machine  stoking  was  the  increased  facilities 
afforded  the  charge  engineer  to  take  his  part  in  the  suitable  control 
of  the  firing,  etc.  Table  14  would  be  more  handy  for  reference  in 
connexion  with  the  question  of  "  efficiency,"  if  it  had  a  column 
stating  area  of  heating  surfaces  of  boilers  and  economisers,  or  giving 
the  ratios  of  the  areas  of  heating  surface  to  grate  area  in  each 
instance. 

Dealing  with  several  of  the  Author's  conclusions  on  pages  293- 
295,  he  would  state  : — 

(1)  Efficiency. — He  had  found  that  good  hand-firing  with  skill 
and  care  could  beat  machine  firing,  but  in  comparison  with  ordinary 
or  somewhat  indifi"erent  hand-firing  the  machines  frequently  would 
give  a  reduction  in  coal  commensurate  with  the  expenses  of  the 
machines  even  in  small  plants,  and  also  frequently  more  work  could 
be  got  out  of  the  boilers  when  mechanically  fired. 

(2)  Life  of  Boiler. — This  he  considered  depended  more  than 
anything  else  upon  the  quality  of  the  feed-water,  and  next  upon  the 
rate  of  working  and  the  care  in  keeping,  rather  than  upon  whether 
it  was  hand  or  machine  fired.  Further,  the  life  of  a  boiler  was 
hardly  either  a  question  of  years,  or  quite  one  of  how  much 
work  was  performed,  because  a  boiler  that  worked  continuously 
day  and  night  on  a  moderate  duty  might  be  expected  to  last  longer 
than  a  boiler  evaporating  a  similar  weight  of  water  per  annum  but 
worked  heavily  during  the  day  only.  (Yet  in  some  cases  it  proved 
commercially  or  practically  economical,  where  the  running  hours  of  a 
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factory  were  only  50-60  per  week,  to  work,  say,  five  boilers  fairly 
hard,  rather  than  six  boilers  on  a  lighter  duty  which  might  give 
greater  efliciency  during  hours  of  the  actual  working  ;  because  by  so 
doing,  one  saved  the  radiation,  and  some  other  losses  of  the 
additional  or  sixth  boiler  for  the  whole  168  hours  of  the  week.) 

Amounts  of  Steam  Production,  Coal  Burnt,  and  Flexibility  (4,  5, 
and  7). — In  the  majority  of  cases  more  work  could  be  reasonably  got 
out  of  a  machine-fired  boiler  per  hour  than  from  hand-firing.  As 
rec^ards  flexibility,  he  usually  found  the  best  machines  of  the 
sprinkling  type  more  flexible  than  those  of  the  coking  type,  though 
of  course  less  flexible  than  good  hand-firing:  and,  although  he 
thought  the  coking  stoker  better  than  the  sprinkling  type  from  what 
might  be  termed  the  scientific  point  of  view,  the  former  could  not  be 
"  pushed  "  so  readily  to  make  it  give  fairly  satisfactory  results  at  an 
increased  rate  of  working,  but  called  for  more  judicious  "  tuning  "  to 
harmonize  its  operations  than  did  the  sprinkling  type.  For  this 
reason  he  had  often  recommended  good  machines  of  sprinkler  type 
when  the  work  required  was  not  uniform. 

Mr.  G.  T.  GiLLESPY  wrote  that  the  Paper  was  a  somewhat  new 
departure  in  regard  to  the  record  of  the  performances  of  steam- 
boilers  and  accessories,  and  it  would  appear  that  those  taking  part 
in  the  discussion  had  failed  to  recognize  this  fact.  It  was  usual,  in 
making  trials  of  power  plant,  to  carry  out  the  trial  for  a  certain 
period  under  ideal  conditions,  and  with  all  possible  sources  of  loss 
and  inefficiency  eliminated,  the  results  obtained  being  those  possible 
under  proper  and  efiicient  management.  The  Author,  on  the 
contrary,  had  given  the  results  of  trials  made  under  the  exact 
conditions  obtaining  day  by  day  in  the  operation  of  the  particular 
plant  in  question. 

In  any  investigation  with  a  view  to  the  increase  of  eflSiciency  and 
the  reduction  of  waste,  it  was  clearly  essential  to  know  under  what 
conditions  the  plant  was  actually  being  worked  by  its  owners,  as 
from  this  only  could  an  estimate  be  formed  of  the  extent  of  the 
waste  of  fuel,  labour,  and  stores  taking  place.  In  view  therefore 
of  the  clear  intention  of  the  Author  to  give  results  obtained  in  this 
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way,  the  criticisms  levelled  against  the  Paper  in  the  discussion 
were  hardly  justified. 

A  point  raised  was  the  question  of  whether  the  Author  was 
biased  or  not  in  his  statements  with  regard  to  the  efficiency  of 
mechanical  stoking.  Presumably  the  saving  in  cost  of  fuel,  etc., 
would  not  be  based  upon  the  results  of  any  trials  such  as  the  Author 
recorded,  but  upon  the  results  of  actual  working  over  a  period 
following  the  changes  made  as  compared  with  a  similar  period 
before  the  changes  were  made,  and  there  would  therefore  be  no 
interest  on  the  part  of  the  Author  to  exaggerate  the  inefficiency  of 
the  plant  in  the  trials  as  recorded.  These  trials  would  be  made  for 
the  information  of  the  firm,  to  enable  them  to  formulate  satisfactory 
improvements  in  the  plant  and  its  operation.  There  were  consulting 
engineers  whose  recommendations  and  reports,  apparently  unbiased, 
were  tinged  by  predilection  for  a  certain  class  of  plant  or  form  of 
prime  mover  which  was  recommended,  irrespective  of  the  particular 
suitability  for  the  conditions  of  the  case  under  consideration ;  and 
disinterestedness  in  the  result  was  not  necessarily  a  guarantee  of 
efficiency  to  the  firm  who  had  to  pay  for  the  changes  effected. 

The  principle  initiated  in  the  Paper  could  be  extended  with 
advantage  to  many  other  forms  of  power  plant,  and  valuable  data 
based  upon  the  actual  working  conditions  with  all  the  deficiencies 
of  existing  plant  and  methods  of  operation  fully  brought  to  view. 

Mr.  Norman  A.  Grandage  wrote  that  it  was  stated  several 
times  in  the  Paper  that  great  improvements  would  be  obtained  if 
modern  scientific  methods  of  control  were  adopted,  and  on  pages 
276  and  295  that  average  results  of  75  per  cent  efficiency  would  be 
obtained.  The  human  element  was  the  chief  factor.  Undoubtedly, 
continuous  scientific  control  was  eminently  desirable,  but  trained 
fuel  experts  were  not  easily  found.  Let  it  be  assumed  that  a 
trained  man  would  receive  <£400  per  annum  or  £S  per  week.  Then, 
taking  an  average  of  60  per  cent  efficiency  under  present  conditions, 
an  increase  to  75  per  cent  average  efficiency  would  represent, 
approximately,  a  25  per  cent  saving  on  the  coal  bill,  and  £S  per 
week  saved  on  a  £32  weekly  coal  bill,  equivalent  to  21  tons  per 
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week  or  about  1,000  tons  per  annum,  would  amply  justify  the 
appointment  of  a  fuel  expert  on  a  small  battery  alone.  For 
instance,  a  certain  battery  was  burning  500  tons  weekly. 
Taking  .£750  as  the  weekly  coal  bill,  if  only  1  per  cent  could  be 
saved  by  continuous  testing,  this  would  equal  £7  10«.  weekly  or 
£376  per  annum.  It  was  very  difficult  to  get  the  average  stoker, 
who  was  a  semi-skilled  labourer,  to  appreciate  the  different  problems 
involved  ;  and  to  acquire  expensive  instruments  without  scientific 
control  was  waste  of  money,  and  very  mi.sleading  figures  might  be 
obtained.  At  the  same  time,  to  maintain  an  average  of  75  per 
cent  efficiency  year  in  and  year  out  would  be  setting  a  very  high 
standard.  On  a  modern  plant  of  fifty-four  Lancashire  boilers,  all 
fitted  with  mechanical  stokers  and  economisers,  dealing  with  a 
fluctuating  factory  load,  the  average  thermal  efficiency  between 
1913  and  1919  had  been  65  per  cent,  which  was  considered  to  be 
good. 

As  regards  the  quantity  of  fuel  burnt ;  under  scientific  control 
the  amount  burnt  per  hour  could  be  increased  without  interfering 
with  the  efficiency.  The  eflfective  control  of  coal  before  reaching 
the  boilers  was  of  some  importance,  and  the  installation  of  a  good 
conveying  plant  would  often  give  increased  rates  of  firing  and  save 
the  cost  of  new  boilers.  "With  the  introduction  of  improved  fire- 
hole  conditions  would  come  a  general  raising  in  the  quality  of 
firemen,  and  with  scientific  control  under  a  fuel  expert  a  very  big 
saving  in  coal  would  undoubtedly  be  effected,  either  with  or  without 
mechanical  stokers.  A  good  fireman  should  be  regarded  as  a 
tradesman  rather  than  a  semi-skilled  labourer. 

On  page  272  it  was  stated  that  scale  in  the  boilers  would  reduce 
the  efficiency  very  seriously.  It  would  be  interesting  to  have 
actual  figures  showing  this  loss  of  efficiency.  No  mention  was 
made  in  the  Paper  of  the  physical  structure  of  coal  in  relation  to 
its  treatment  in  the  furnace  and  the  various  modes  of  operation 
consequently  required  to  obtain  the  maximum  efficiency.  It  would 
be  interesting  to  have  the  Author's  opinion  on  this  point. 

Mr.  MiLNER  HuRD  wrote  that  he  was  very  much  interested  in 
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the  Paper  and  the  very  useful  information  contained  in  Table  14, 
but  the  Author  had  only  told  them  the  first  part  of  the  tests 
regarding  the  losses  in  the  working  of  "  Lancashire  "  type  boilers. 
He  said  very  little  as  to  where  the  losses  occurred  and  nothing  at 
all  as  to  how  they  were  reduced  or  eliminated.  The  writer 
assumed  that  the  Author's  figures  related  to  boiler  plants  as  he 
found  them,  and  the  only  defect  in  the  Paper  was  that  another  set 
of  figures  and  Tables  were  not  presented  giving  details  of  the 
alterations  and  improvements  brought  about  by  his  advice  and 
supervision,  but  it  was  noted  from  Engineering  that  this  was 
promised  at  a  future  date. 

The  writer  was  of  opinion  that  "  Coking  Stokers  "  should  not 
be  used,  looking  at  it  from  the  national  fuel  economy  point  of 
view.  Coking  coal  was  much  too  valuable  a  fuel  to  be  burnt  under 
boilers ;  it  should  be  treated  only  for  making  coke  and  for  the 
recovery  of  the  by-products,  as  pointed  out  by  Professor  Bone  in 
his  Lecture  before  the  Royal  Society  of  Arts,  on  17th  March  1919. 

The  Author  had  said  nothing  about  the  fuel  used  for 
"  banking-up "  purposes ;  it  was  a  very  general  practice  among 
mill  owners,  etc.,  to  "  bank-up  "  the  boiler  fires  for  the  week-end, 
and  it  would  be  interesting  to  know  what  percentage  of  the  weekly 
or  monthly  coal  consumption  was  used  for  this  purpose. 

The  Author  mentioned  (page  295)  coke  as  a  fuel,  but  on  looking 
over  the  figures  in  Table  14,  only  one  test,  No.  40,  had  a  C  under 
column  10  (quality  of  coal)  which  might  stand  for  coke,  but  in 
column  18  (black  smoke)  the  letters  Vb  are  registered,  which  did 
not  tally  with  the  burning  of  a  smokeless  fuel  like  coke  ;  should  it 
not  be  Vg  ?  Apart  from  this,  the  writer  would  Kke  to  know  the 
Author's  opinion  of  coke  as  a  fuel ;  the  Coal  Controller  asked  all 
boiler  owners  if  coke  could  be  used  in  lieu  of  coal,  and  the  answer 
was  "  no  "  in  nearly  all  cases,  but  the  writer  had  had  experience  in 
gas-works  boilers  where  coke  was  generally  used,  in  some  cases 
good  coke,  in  other  cases  coke  sweepings.  With  a  moderately  good 
draught,  say,  f  inch  at  bottom  of  chimney,  the  good  coke  gave  very 
good  results,  but  if  the  draught  was  stronger  there  was  a  tendency 
to  burn  out  the  fire-bars,  more  so  if  the  fire-bars  were  thick  and 
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atr-spaces   narrow — using    coke    breeze,   or    sweepings    from    the 

retort-houso  floors,  needed  a  forced-draught  grate  ;  but  this  carried 

so  much   dust  into  the  flues  that  they  had  to  be  made  specially 

large  to   obviate  shutting   down   too   frequently  for   cleaning-out 

purposes. 

With  regard  to  the  cleaning  of  fires,  this  was  very  hard  work, 
and  in  nearly  all  cases  resulted  in  a  big  drop  in  the  steam-pressure 
and  supply  ;  the  writer  had  often  seen  good  firemen  working  very 
hard  at  a  slicer  trying  to  clean  the  fire-bars  of  sticky  clinker,  and 
starting  to  clean  with  a  big  heavy  fire  on  the  grate.  This  was  all 
right  in  principle,  but  worked  out  badly  in  practice.  The  man 
generally  raked  all  the  fire  to  one  side  and  then  immediately 
started  to  remove  the  clinker,  but  the  hot  fire  had  made  it  run  into 
a  sticky  mass,  and  it  was  only  by  very  hard  work  that  it  was  even 
partially  removed.  What  he  should  do  was  to  go  on  cleaning  with 
a  hot  fire  (to  help  keep  his  steam-pressure  up),  but  as  soon  as  he 
had  raked  all  his  fire  to  one  side  of  the  grate,  he  should  then  shut 
the  door  for  a  few  seconds  and  let  the  inrush  of  cold  air  cool  the 
bars  and  harden  the  clinker,  which  could  then  be  easily  removed  by 
the  slicer  and  rake  with  very  little  effort. 

There  was  another  column  of  figures  in  Table  14  that  interested 
the  writer,  namely,  column  19  (Temp,  of  Flue  Gases),  taking 
the  first  three  tests  No.  1,  2,  3,  the  figures  in  column  19  were  608, 
655,  664,  but  in  column  15  the  respective  coal  consumptions  were  31, 
26,  19  lb.  per  sq.  foot  of  grate  area,  burning  coal  of  13,033,  12,876, 
10,897  B.Th.U.  value  under  a  draught  pressure  of  j^g,  -^y,  -^jj  inch 
of  water  at  chimney,  with  percentages  of  COg  of  11-8  per  cent, 
8  per  cent,  13  per  cent,  giving  a  boiler  efficiency  of  68*9  per  cent, 
65*5  per  cent,  71  '5  per  cent  respectively. 

The  figures  tended  to  confirm  the  conclusions  arrived  at  in  the 
Wigan  Boiler  Trials  of  1869,  namely,  that  it  paid  to  burn  the  fuel 
at  a  rapid  rate,  or  in  other  words,  it  paid  to  reduce  the  grate  area 
by  shortening  the  length  of  the  fire-bars,  working  with  a  thick  fire, 
about  1 2  inches,  assuming  of  course  that  there  was  a  good  draught 
to  burn  the  coal  at  a  good  rate,  say,  25  to  35  lb.  per  sq.  foot. 

With   regard   to   common   sources   of  loss   in   the  working  of 
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boilers,  the  brickwork  setting  in  nearly  all  types  of  boilers  was 
very  faulty  and  very  effective  in  lowering  the  efficiency  and 
steaming  capacity.  Most  owners  of  such  plant  did  not  seem  to 
realize  how  much  air-leakage,  and  short-circuiting  of  very  hot  gases 
from  one  flue  or  other  to  the  exit  flue  was  taking  place,  but  it  was 
quite  safe  to  state  that  (on  the  average)  5  per  cent  of  the  total  heat 
in  the  coal  was  wasted  through  these  two  defects,  air-leakage  and 
short-circuiting.  The  writer's  "  inspection "  system  of  setting 
"  Lancashire "  and  other  type  boilers  cut  this  loss  out  entirely. 
A  high-pressure  "  Lancashire"  boiler  (120  to  210  lb.  per  sq.  inch), 
30  feet  long  by  9  feet  mean  diameter,  was  always  changing  its 
dimensions  when  steaming,  and  so  was  the  brickwork  setting,  but 
not  in  the  same  ratio,  and  although  the  change  in  length  and 
diameter  might  seem  trifling  (in  the  order  of  0'75  inch  and  0*3  inch 
respectively)  the  effect  on  the  setting  was  that  the  joints  between 
the  boiler  shell  and  brickwork  soon  got  defective  and  became  worse. 
This  *'  breathing  "  action  of  the  boiler  must  be  provided  for  in  all 
directions  of  the  setting,  and  when  done,  as  in  the  "Hurd 
inspection  "  system,  an  appreciable  saving  in  fuel  was  the  result. 

The  writer's  experience  (as  a  technical  representative  of  the 
Coal  Controller)  was  in  agreement  with  Mr.  Brownlie's  as  regards 
the  non-flexibility  of  the  mechanical  stoker,  and  it  was  very  soon 
pointed  out  by  the  owners  when  called  upon  to  change  the  source 
and  quality  of  their  coal  supplies. 

With  regard  to  Mr.  Erith's  remarks  (page  319)  the  writer  did 
not  agree  with  the  statement  that  it  was  foolish  to  speak  of 
reorganizing  small  internally-fired  boilers,  only  suited  for  relatively 
small  pressures  and  small  superheat,  etc.,  and  further  on  "  The  best 
reorganization  it  was  possible  to  get  out  of  a  Lancashire  boiler  plant 
with  100  lb.  pressure,  with  slight  superheat,  and  non-condensing 
engines,  was  bound  to  be  three,  four,  or  five  times,  or  even  more  weight 
of  coal,"  etc.  These  remarks  did  not  tally  with  the  writer's  experience, 
as  he  could  take  Mr.  Erith  to  a  mill  where  a  "  Lancashire  "  boiler  plant 
had  been  reorganized  to  such  a  pitch  that  no  super,  or  super-super 
steam-electric  generating  station  in  this  country  could  hope  to 
compete  with  it  as  regards  coal   saving  and  cost  per  k.w.  of  tho 
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energy  supplied,  about  1,000  k.w.  There  was  no  real  virtue  in 
large  super  steam-electric  power  distributing  stations.  What  was 
the  advantage  of  securing  a  high  thermal  efficiency  (which  by  the 
way  would  not  exceed  20  per  cent  and  which  could  readily  be  achieved 
by  a  reorganized  "  Lancashire  "  boiler  plant,  as  instanced  above)  and 
then  to  discount  it  all  by  transformer  and  line  losses  ? 

The  writer  was  in  perfect  agreement  with  the  Author's  concluding 
remarks  on  this  scheme  of  super-power  stiitions  and  national 
electrification.  It  would  pay  the  country  a  great  deal  better  to 
reorganize  its  existing  power  plants ;  the  coal  saving  to  be  brought 
about  was  sure  as  regards  the  latter  scheme,  but  optimistic  in  the 
other,  and  with  this  great  difference,  assuming  the  same  amount  of  fuel 
economy  in  both  cases,  namely,  the  reorganized  plant  would  he  complete 
in  itself,  under  the  complete  control  of  the  owner,  subject  to  no  outside 
interference,  whereas  the  central  power  distributing  station  was, 
and  always  would  be  subjected  to  numbers  of  easily  possible 
interferences,  any  one  or  more  of  which  might  cut  off  the  consumers' 
supply  of  energy  for  a  long  or  short  period.  The  largest  single  steam- 
power  plant  at  present  in  existence  was  that  on  board  H.M.S.  "Hood," 
namely,  144,000  s.h.p.,  with  everything  of  the  best  to  secure  high 
thermal  efficiency,  but  it  would  not  compare  favourably  with  the 
1,000  h.p.  steam-electric  plant  to  which  he  had  referred. 

Mr.  Edward  J.  Kirby  wrote  from  the  point  of  view  of  one  who 
had  been  connected  with  a  Firm  which  made  this  class  of  machinery, 
and  at  a  later  date  with  a  very  large  concern  in  which  many  boilers 
were  in  use  with  different  types  of  stokers,  as  well  as  others  which 
were  hand-fired. 

With  reference  to  the  use  of  steam-jets  (in  which  large 
variations  of  the  steam  used  was  admitted),  the  definite  size  of  jet 
was  usually  supplied  by  the  makers  when  the  machine  was  new,  but 
steam,  especially  if  superheated,  had  an  erosive  effect  and  enlarged 
the  nozzles  which  consequently  required  periodical  replacement. 
This  erosion  explained  the  large  percentage  sometimes  found,  and 
this  was  probably  not  fully  appreciated  by  Engineers-in-Charge  ;  old 
nozzles   had  been   kept   in   service,  meanwhile    of   course  wasting 


March  1920.  MECHANICAL   STOKER  TESTS.  385 

steam,  though  the  cost  of  new  nozzles  would  be  in  most  instances 
negligible.  In  this  connexion  the  writer  would  suggest  the  use 
of  special  nickel  steel,  which  he  thought  had  not  hitherto  been 
adopted  by  stoker  makers  for  this  important  detail. 

With  reference  to  flexibility  of  stokers,  the  Author  had  made  a 
statement  in  several  parts  of  his  Paper  that  the  steam  supplied  to 
the  stokers  was  usually  found  to  be  •'*  Fully  on."  This  would  not 
necessarily  be  a  defect  in  the  design  of  the  stoker,  ])ut  would  appear 
to  be  due  to  lack  of  intelligent  supervision.  Some  firms  making 
mechanical  stokers  supplied  an  automatic  regulating  device 
controlled  by  the  steam-pressure,  and  in  such  a  plant  the  dampers 
were  partially  closed,  and  the  steam  supplied  to  the  stokers,  as  well 
as  the  coal  to  the  fire  grate  was  checked,  in  the  event  of  the  steam 
pressure  rising  above  any  point  decided  upon,  and  vice  vei'sa,  when 
the.  pressure  fell  below  any  fixed  point.  Such  an  installation  of 
course  would  be  hardly  warranted  on  a  plant  of  only  two  or  three 
boilers. 

With  reference  to  the  up-keep  of  stokers.  It  was  generaUy  not 
recognized  that  a  mechanical  stoker  was  a  piece  of  machinery,  and 
to  work  economically  must  be  periodically  over-hauled.  One  would 
not  expect  to  run  a  pump  or  small  engine  without  attention,  and 
gears,  shafts,  and  bearings  would  wear  out  on  a  stoker  as  in  other 
machinery.  The  conditions  were  of  course  more  severe,  and 
repairs  were  heavier,  but  the  writer  thought  that  there  was  an 
absence  of  periodical  stripping  down  with  a  view  to  examination, 
and  making  the  stitch  which  saved  nine. 

With  reference  to  efficiency,  if  fire-grates  and  nozzles  were 
kept  in  fair  order,  the  writer's  experience  was  that  the  efficiency 
was  higher  than  with  hand-firing.  The  temperature  in  the  furnace 
was  usually  higher  (due  to  the  forced  draught)  and  was  maintained 
higher  (due  to  the  coal  being  fed  regularly  in  small  quantities  as 
compared  with  hand-firing,  also  to  the  fire-doors  being  opened  but 
rarely). 

In  connexion  with  the  amount  of  steam  produced,  due  to  the 
higher  temperature  which  was  attained  in  the  furnace,  a  larger 
transmission  of  heat  per  square  foot  per  degree  of  temperature  was 
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obtained.  The  writer  had  seen  .a  number  of  tests  run  on  steam- 
boilers,  and  had  found  that  mechanical  stokers  would  give  a  larger 
output  of  steam  than  when  hand-firing  was  used.  But  of  course  if 
Engineers-in-charge  or  owners  allowed  the  stokers  to  get  into  a  bad 
condition  of  repair,  hand-firing  was  undoubtedly  preferable. 

The  details  given  by  the  Author  were  hardly  representative  of 
the  large  industrial  concerns  or  trade  combines,  in  considering  the 
coal  he  represented  as  being  used  in  the  country,  and  wasted  by  bad 
stoking.  Most  of  these  firms  had  now  a  technical  staff  watching 
fuel  and  efficiency  rather  closely. 

To  get  the  greater  benefit  from  mechanical  stokers  and  boilers, 
they  should  both  be  kept  in  fairly  good  order  and  worked  rather  on 
the  hard  side,  that  is,  a  high  temperature  should  be  maintained.  The 
evaporations  obtained  in  the  Paper  pointed  to  the  stokers  either 
being  in  poor  condition  or  to  working  much  under  their  possible 
capacity — (that  is,  wearing  themselves  out  without  getting  output, 
and  working  with  their  fires  in  holes,  while  forced  draught  was  in 
action).  Stokers  were  sometimes  the  victims  of  water-softening 
deficiencies  and  the  consequent  fear  of  pressing  boilers  and  stokers 
to  their  possible  output,  with  the  result  of  only  moderate  efficiency. 
Those  firms  who,  having  mechanical  stokers,  endeavoured  to 
get  repair  castings  made  locally,  experienced  trouble  occasionally, 
due  to  the  lack  of  recognition  that  certain  parts  in  the  original 
stoker  were  of  chilled  iron  to  resist  abrasion.  Some  kinds  of  cast- 
iron  were  suitable  for  chilling  and  other  kinds  were  not,  inasmuch 
as  the  chill  only  acted  as  what  was  called  a  "  densener  "  in  such  cases. 
These  and  similar  matters  all  added  their  quota  to  give  mechanical 
stokers  a  bad  name  for  upkeep,  which  was  hardly  warranted. 

Mr.  E.  R.  Noel  wrote  that,  with  fifteen  years'  practical  experience 
of  boiler  firing,  he  must  protest  against  the  assertion  that  mechanical 
firing  was  no  improvement  on  hand-firing.  The  Author  estimated 
that  25  per  cent  of  our  boilers  were  mechanically  fired,  and  as  he 
condemned  mechanical  firing,  he  evidently  considered  that  a  large 
percentage  of  steam-users  were  wrong,  and  yet  the  writer  knew 
of  a  case  when  the  Author's   firm    advocated   and  superintended 
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the  installation  of  stokers.  He  had  had  considerable  experience  of 
hand-fired  furnaces  both  natural  and  forced  draught,  as  well  as 
stokers,  and  he  could  not  agree  with  Mr.  Brownlie's  conclusions. 
He  considered  that  a  mechanical  stoker  would  always  give  a 
higher  efficiency  than  a  fireman.  The  Author  asserted  that  a 
fireman  scientifically  controlled  would  obtain  superior  results  to 
any  mechanical  stoker,  and  a  fireman,  "while  a  scientific  controller 
was  standing  over  him,  would  no  doubt  do  better  than  on  ordinary 
working  days,  but  he  would  not  be  able  to  keep  up  the  same 
efficiency  all  the  year  round,  whereas  a  mechanical  stoker  would 
do  so. 

The  larger  part  of  the  writer's  experience  had  been  obtained  on 
the  Continent,  and  now  this  country  was  doing  its  utmost  to 
promote  its  export  trade.  He  was  sure  the  figures  given  could 
do  this  country  no  good  abroad.  Our  Continental  friends  had 
always  looked  to  Britain  to  show  them  the  most  economical  way  of 
burning  coal,  but  he  believed  they  could  show  us  better  results  than 
those  given. 

Captain  H.  L.  Pirie  wrote  that  the  Paper  undoubtedly  formed  a 
very  valuable  contribution  to  our  present  information  on  fuel 
economy  problems,  and  all  engineers  interested  in  scientific  methods 
of  boiler-room  control  would  eagerly  await  the  publication  of 
Mr.  Brownlie's  remarks  on  "  tubular  "  boiler  stokers. 

An  examination  of  Table  14  (pages  299  et  seq.)  revealed, 
generally,  that  a  most  deplorable  state  of  affairs  existed  in  the 
steam-generating  departments  of  the  plants  to  which  it  referred. 
One  could  not  fail  to  be  struck  by  the  very  low  percentage  of  COg 
as  shown  by  the  flue-gas  analysis.  Taking  Test  No.  62  (page  311), 
3  •  5  per  cent  CO2  indicated  that  this  plant  was  needlessly  wasting 
about  30  per  cent  of  its  fuel.  It  would  be  noted  that  in  this  plant 
no  black  smoke  was  emitted  from  the  chimney.  This  was  what 
might  be  expected  when  over  400  per  cent  excess  air  was  being 
used  for  combustion.  He  thought  the  Author  might  have  pointed 
out  that  a  clear  stack  might,  and  very  often  did,  indicate  that  a 
large  quantity  of  excess  air,  resulting  in  needless  waste  of  fuel,  was 
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being  employed,  otherwise  his  stjvtement  that  "  it  is  an  advantage 
of  mechanical  tiring  that  less  black  smoke  is  produced  "  was  liable 
to  be  misunderstood. 

In  regard  to  "  skilled  attention "  (page  295),  it  would  appear 
that  this  was  a  decided  point  in  favour  of  the  mechanical  stoker, 
notwithstanding  what  manufacturers  of  stokers  might  say  to  the 
contrary.  The  intelligent  operation  of  a  mechanical  appliance 
demanded  a  certain  amount  of  skill.  A  skilled  man  took  more 
pride  in  his  work  than  an  unskilled  one,  hence  the  employment  of 
skilled  men  tended  to  increase  the  morale  and  efficiency  of  the 
boiler-room  employees,  a  very  great  consideration  in  these  days. 

It  was  to  be  regretted  that  a  column  showing  the  classification 
of  the  coals  used,  fi'om  a  stoker  point  of  view,  were  not  included  in 
Table  14 — the  actual  B.Th.U.'s  as  fired  gave  little  real  information. 
Some  types  of  stoker  were  entirely  unsuited  to  certain  varieties  of 
coal,  but  it  should  always  be  possible  to  select  a  coal  and  choose  a 
stoker  which  together  would  give  maximum  efliciency  for  any  given 
set  of  conditions.  Perhaps  the  Author  would  consider  the 
advisability  of  incorporating  this  information  in  his  next  Paper. 

Mr.  A.  W.  PuRCHAS  wrote  that  one  of  the  outstanding  features 
of  the  Paper  was  the  fact  that  mechanical  stokers  did  not  in 
practice  give  any  advantage  to-day  over  hand-firing.  This  at  once 
prompted  the  query,  "  Why  is  this  so  ? "  since  the  "  hazy  sort  of 
impression  "  that  they  should  induce  to  economy  in  coal  consumption 
was  based  on  much  sound  reasoning.  Unfortunately,  the  Author 
did  not  carry  the  matter  beyond  hard  facts,  and  oflfered  no 
suggestions  as  to  the  causes  or  their  remedies.  Was  not  lax  or 
unintelligent  supervision  the  chief  cause  of  the  poor  showing  of 
mechanical  stokers  ?  How  many  mechanical  stokers  were  entrusted 
to  men  who  had  little  experience  or  training  in  their  use  ?  However 
skilled  a  fireman  might  be  in  hand-firing,  he  was  not  of  necessity 
equally  qualified  to  take  charge  of  mechanical  stokers.  Was  not 
the  impression  too  common  in  the  boiler-house  that  "  Mechanical 
Stoking"  denoted  "automatic  firing,"  with  the  natural  result  of 
reduced  economy.     The  writer  was  of  the  opinion  that  mechanical 
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stoking  needed  every  encouragement  to-day,  since  it  offered  an 
opportunity  of  a  higher  average  economy  in  coal  consumption  than 
hand-firing,  especially  as  firemen  with  real  ability  in  hand-firing 
were  scarce,  and  it  should  be  easier  to  find  and  train  men  to  be 
good  firemen  with  mechanical  stokers  than  to  train  them  to  be  good 
hand-stokers. 

The  writer,  who  had  eight  Lancashire  boilers  under  his  supervision, 


Fig.  1. — Apparatus  for  Measuring  the  Quantity 
of  Steam  used  by  the  Steam-jets. 
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fitted  with  sprinkler  type  stokers,  had,  however,  experienced 
during  the  last  year  a  great  drawback  to  the  installation  of  such, 
namely  the  impossibility  of  obtaining  an  adequate  supply  of  suitable 
coal,  the  supply  varying  from  slack  to  steam  hards.  Hand-firing 
of  "  steam  hards  "  had  been  a  necessity  at  least  two  days  a  week. 
Auxiliary  hand-firing  was  also  found  necessary  to  meet  the  many 
sudden  peak  loads.  As  the  fire-doors  were  much  smaller  than 
those  used  for  hand-firing,  and  many  moving  parts  of  the  mechanical 
stoker  were  exposed,  the  repairs  and  renewals  were  abnormally 
high,  and  a  very  serious  item  of  expense.  Further,  the  number  of 
firemen  could  not  be  reduced  below  that  required  for  hand-firing, 
since  the  nature  of  the  coal  supply  could  not  be  foretold  from  day 
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to  day.     It  would  be  of  interest  to  know  whether  this  had  been  a 

common  experience,  though  one  which  was  probably  only  a  passing 

phase. 

With  regard  to  the  method  described  for  measuring  the  quantity 
of  steam  used  by  the  steam-jets,  this  would  seem  to  be  unnecessarily 
cumbersome.  An  orifice  meter  could  be  quickly  made  from  a  short 
length  of  steam-pipe,  a  pair  of  flanges,  and  a  piece  of  sheet-steel, 
which  once  calibrated  for  varying  pressures  and  "  heads "  would 
prove  a  cheap,  accurate,  and  portable  instrument  of  wide  application 
wherever  steam  was  used  in  small  quantities  in  power  and  industrial 
plants.  Such  an  instrument  was  shown  in  Fig.  1  (page  389),  and 
as  a  guide  to  its  capabilities  the  following  Table  might  be  of  interest. 
Discharge  was  measured  in  pounds  of  steam  per  minute  through  a 
sharp-edged  circular  orifice  0*5  square  inch  cross-sectional  area 
under  a  steam-pressure  of  180  lb.  per  square  inch. 


Manometric  Keadiug. 
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4-30 
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Mr.  A.  B.  Scorer  wrote  that,  in  all  the  boiler  tests  made,  there 
was  no  mention  of  the  regularity  of  steam-pressure.  This,  in 
boiler-houses  which  had  only  a  small  number  of  boilers,  was  a 
very  important  point.  With  mechanical  stoking,  the  pressure 
could  be  maintained  evenly  right  through  the  day.  With  hand 
firing  there  were  the  inevitable  fluctuations  due  to  clearing  out, 
and  with  poor  fuel  this  might  have  to  be  done  three  or  four  times 
a  day  on  each  boiler.  The  question  of  steam-jets  also  had  another 
aspect.  With  forced  draught,  the  installation  of  additional  boilers 
might  be  saved,  and  as  the  installation  of  a  new  Lancashire  boiler 
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with  setting  would  cost  up  to  £2,000,  it  was  a  very  paying 
proposition  to  install  steam- jet  forced-draught  to  avoid  the  necessity 
of  installing  further  plant. 

He  would  also  like  to  ask  the  Author  what  he  understood  by 
"  Modern  Methods  of  Firing,  etc."  This  phrase,  with  slight 
variations,  was  mentioned  several  times  in  the  Paper,  and  yet  no 
indication  whatever  was  given  as  to  what  these  methods  were  ; 
what  capital  cost  (if  any)  was  incurred  in  bringing  them  about ; 
what  extra  supervision  (if  any)  was  required,  and,  generally 
speaking,  what  percentage  of  improvement  could  be  expected,  and 
whether  it  was  continuous  ?  As  the  Author's  remarks  were  so 
adverse,  generally  speaking,  to  the  mechanical  stoker,  he  should 
certainly  state  what  were  these  modern  firing  methods  he  favoured. 

The  average  figures  for  boiler  output  with  mechanical  stokers 
given  in  the  Paper  were  far  below  what  could  be  obtained  on 
modern  machines  with  steam-jet  forced  draught.  There  was  also 
another  point  in  favour  of  steam-jet  forced  draught,  namely,  that 
the  combustion  not  being  dependent  upon  the  chimney  pull,  the 
dampers  could  be  closed  just  sufficiently  to  take  away  the  gases  and 
no  more ;  in  this  way  the  draught  was  practically  balanced,  and 
dust  was  not  drawn  into  the  flues,  nor  was  cold  air  drawn  through 
defects  in  the  boiler  setting.  The  gases  also  remained  longer  in 
contact  with  the  boiler  surfaces,  and  much  improved  the  i^esults. 

Mr.  C.  E.  Stromeyee  wrote  that  he  wished  to  sound  a  warning 
note  to  the  effect  that  as  the  only  way  to  attain  the  highest 
efficiency  in  boilers  was  to  perfect  the  combustion,  then  the  furnace 
temperature  would  be  raised  to  a  maximum.  Unfortunately  the 
heat  absorbed  by  a  boiler-plate  was  nearly  proportional  to  the  fourth 
power  of  the  difi'erence  of  flame  and  plate  temperature.  Thus  in  a 
furnace  whose  temperature  was  4,000^  F.  the  quantity  of  heat 
passing  through  a  furnace  plate  was  sixteen  times  as  great  as  that 
which  would  pass  through  with  a  temperature  of  2,000°  F.  If  in 
the  latter  case  the  temperature  difference  between  the  furnace  plate 
and  the  water  was,  say,  50'  F.,  it  would  in  the  other  case  be 
16  X  50  =  800°  F.,  and  adding  this  temperature  to,  say,  350"  F.  boiler 
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water  temperature,  the  plate  temperature  would  be  1,150"  F.,  and 
therefore  the  plate  would  be  considerably  weakened.  Quite  recently 
he  had  confirmatory  evidence  of  this.  A  short  length  of  a  furnace 
bulged  severely  just  over  the  line  of  fire-bars.  The  plate  was 
drilled  and  found  to  be  f  inch  thick  an<l  therefore  amply  strong 
enough  for  its  pi'essure.  At  the  point  where  the  bulge  had  taken 
place,  the  fire-bars  of  the  patent  furnace  were  slightly  bent,  and  it 
was  believed  that  at  this  point  a  maximum  temperature  was 
developed  and  the  plate  heated  to  redness.  The  density  of  the 
water  was  believed  to  have  been  1  per  cent.  Briefly  stated,  his 
experience  was  that  if  the  performance  of  a  boiler  was  to  be 
increased  beyond  certain  limits,  either  as  regards  duty  or  economy, 
the  wear  and  tear  was  also  increased,  and  the  consequent  repairs 
both  to  boilers  and  mechanical  stokers  might  exceed  the  economy 
efiected  by  improved  firing. 

Mr.  C.  Percy  Taylor  wrote  that  he  approached  the  Paper  from 
the  point  of  one  who  had  for  some  years  had  about  a  hundred 
Lancashire  boilers  under  his  charge,  mostly  in  small  batteries  of 
from  two  to  five  boilers.  He  inferred  that  the  Author's  tests  were 
made  on  plants  of  a  very  similar  nature,  and  having  both  scrapped 
and  installed  mechanical  stokers  of  several  classes,  he  was  of  opinion 
that  his  results  as  a  whole  correctly  represented  current  practice. 
It  was  of  course,  however,  important  to  consider  not  only  what  was 
being  done,  but  what  could  be  done.  Realizing  the  importance  of 
this  point  of  view,  some  years  ago  the  writer  fitted  up  a  Lancashire 
boiler  with  downtake  superheater  and  economiser  specially  for  the 
purpose  of  investigating  what  improved  efficiency  could  be  obtained 
by  mechanical  stokers  and  various  other  appliances  brought  forward 
from  time  to  time.  Before  any  trials  of  additional  apparatus  were 
made,  however,  care  was  taken  to  get  the  boiler  running  regularly 
at  a  fair  load  and  efficiency  which  was  found  to  be  72^  per  cent 
with  good  fuel  and  when  employing  a  good  average  stoker.  All 
the  various  forms  of  apparatus  which  were  tried  were  put  up 
against  this  as  representing  what  was  thought  to  be  good  commercial 
practice.    Trials  with  various  appliances,  including  several  mechanical 
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stokers,  were  made,  but  in  no  case  was  sufficient  advantage  shown 
to  warrant  the  additional  cost  of  installation  and  upkeep.  From 
information  obbiined  during  the  tests  and  experience  in  other 
directions,  he  definitely  formed  the  opinion  that  under  equally  good 
supervision,  a  Lancashire  boiler  with  downtake  superheater  and 
economiser  would  do  as  well  from  a  commercial  point  of  view 
without  any  additional  appliances  of  any  sort,  except  in  so  far  as 
they  might  enable  one  to  burn  very  much  cheaper  classes  of  fuel. 
Unless  for  this  purpose,  therefore,  mechanical  stokers  were  only 
useful  in  improving  conditions  of  labour. 

It  had  been  stated — and  it  was  more  than  hinted  at  in  the 
discussion — that  in  any  case  the  matter  was  of  no  great  importance 
from  the  power  point  of  view,  because  all  such  small  plants  would  in 
the  near  future  be  swept  away  by  the  advent  of  the  super-power 
station.  Apart  from  the  fact  that  many  of  these  smaller  boiler 
plants  were  used  to  supply  steam  for  process  purposes,  he  thought 
the  soundness  of  this  view  was  very  questionable.  Any  reasonably 
efficient  engine  of  from  250-1,000  h.p.  would  run  on  \o  lb.  of 
superheated  steam  per  i.h.p.  hour,  and  with  a  well-organized  boiler 
plant  it  was  possible  to  produce  a  b.h.p.  hour  for  2^  lb.  of  coal  of  say 
11,500  B.Th.U.,  and  further  when  long  hours  were  run,  say,  120 
per  week,  stand-by  losses  were  very  small.  It  seemed,  therefore, 
questionable  whether  the  substitution  of  electric  power  stations, 
distributing  systems  and  motors  was  going  to  show  a  good 
commercial  return  on  the  capital  in  cases  such  as  these,  and  that  it 
was  consequently  a  mistake  to  assume  at  this  stage  that  isolated 
steam-plants  of  reasonable  efficiency  running  on  a  high  load-factor 
were  likely  to  disappear.  If  this  were  so,  it  followed  that  the 
efficiency  of  such  isolated  plants  was  one  well  worthy  of  attention, 
both  from  the  national  and  from  the  individual  point  of  view,  and 
in  the  writer's  opinion  the  thanks  of  the  profession  were  due  to 
Mr.  Brownlie  for  the  information  that  he  had  published  in  this 
Paper  and  elsewhere  in  connexion  with  this  important  subject. 

Major  S.  Uttixg  wrote  that  it  might  safely  be  assumed  (page  269, 
par.  2)  that  the  plants  were  tested  exactly  as  found  and  without 
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any  tuning  up  or  preparation  of  any  kind.  This  was  important  in 
the  discussion,  and  he  was  quite  prepared  to  believe  that  tliey  were 
no  better  than  the  tests  showed,  and  that  the  Author  was  cjipable  of 
effecting  very  considerable  saving  for  his  clients.  Anyone  of  his 
experience  could  not  fail  to  do  otherwise.  However,  the  Author  had 
gone  much  further.  The  writer  suggested  an  important  omission  in 
the  Author's  Log  Sheet,  that  is,  "  Object  of  Test,"  and  that  all  these 
tests  were  conducted  with  a  view  to  finding  out,  first — the  actual 
performance  of  the  steam-raising  plant;  secondly,  what  improvements 
could  be  eflected.  The  writer  thought  that  the  real  value  of  this 
Paper  had  been  obscured  by  the  Author's  attempt  to  make 
deductions  from  experiments  which  had  no  bearing  whatever  on 
the  conclusions  reached. 

The  title  of  the  Paper  left  no  doubt  that  it  was  primarily 
concerned  with  the  mechanical  stoker,  and  in  support  of  the 
condemnation  of  this  appliance,  figures  relating  to  the  efficiency 
of  complete  steam-raising  plants  were  quoted.  It  would  be  just 
as  reasonable  to  have  praised  or  condemned  it  on  the  performance 
of  the  boiler  feed-pump.  The  boiler  consisted  of  two  important 
parts,  that  is,  the  furnace  and  what  was  known  as  the  heating  surface. 
The  furnace  was  concerned  solely  with  the  combustion  of  fuel,  and 
it  showed  a  maximum  efficiency  when  it  developed  the  maximum 
heat  from  any  given  quantity  of  fuel.  Any  criticism,  therefore, 
levelled  at  the  mechanical  stoker  should  be  confined  entirely  to  its 
ability  to  enable  the  fui'nace  to  perform  this  work  satisfactorily. 
Nothing  else  mattered.  The  rest  of  the  boiler  heating  surface 
(including  super-heaters,  if  any)  utilized  as  much  as  possible  of 
the  heat-units  remaining  in  the  gases  of  combustion  after  leaving 
the  furnace.  It  was  obvious,  therefore,  that  a  boiler  with  a  heavy 
deposit  of  scale  (and  this  was  usually  heaviest  over  the  furnace 
crowns)  would  suffer  from  the  point  of  view  of  efficiency,  and  thus 
one  stoker  having,  say,  10  per  cent  higher  efficiency  than  another, 
could  easily  be  made  to  appear  to  have  a  lower  efficiency  if 
investigated  on  the  lines  followed  by  the  Author.  This  applied 
equally  to  a  comparison  between  identical  mechanical  stokers, 
stokers  of  different  make,  or  mechanical  versus  hand-firing. 
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The  case  was  even  more  glaring  if  one  considered  the  rest  of 
the  instixUation,  namely,  the  feed-water  economiser  or  other  heat 
extracting  apparatus.  An  installation  with  a  large  economiser 
would  show  a  higher  overall  efficiency  than  one  having  too 
small  an  economiser,  assuming  combustion  and  condition  of 
installation  identical.  If  this  were  accepted,  then  why  debit  or 
credit  the  stoker  with  something  with  which  it  had  no  concern 
whatever,  as  the  Author  had  done  ?  Let  them  compare  tests 
No.  1  [and  No.  54,  each  referring  to  a  two-boiler  installation,  the 
first  having  1,040  square  feet,  H.S.  per  boiler,  and  an  economiser 
of  360  tubes,  whilst  the  second  had  about  970  square  feet,  H.S.  per 
boiler  and  an  economiser  of  only  96  tubes.  The  efficiencies  were 
80*1  per  cent  and  52-8  per  cent  respectively.  Did  the  Author 
advocate  enlarging  the  economiser  in  order  to  improve  the  efficiency 
of  the  mechanical  stoker.  If  the  conditions  of  test  No.  54  were 
representative  of  a  normal  demand,  the  first  step  to  economy  would 
have  been  to  reduce  the  grate  area,  as  the  combustion  per  square 
foot  of  grate  per  hour  was  too  low.  In  this  case,  the  Author  would 
no  doubt  give  credit  to  the  mechanical  stoker  for  any  better  results. 

Table  4  (page  277)  showed  that  the  percentage  of  mechanically- 
fired  plants  giving  10  per  cent  to  12  per  cent  COj,  was  more  than 
double  that  of  the  other  group  with  which  he  compared  them.  The 
comparison,  in  the  writer's  opinion,  although  in  favour  of  the 
mechanical  stoker,  was  an  unfortunate  one,  because,  assuming  the 
stokers  continued  to  work  at  the  same  rate  of  efficiency  implied 
by  the  Author  and  someone  were  to  remove  a  few  bricks  from  the 
boiler  setting,  or  allowed  the  setting  to  deteriorate,  these  twelve 
plants  might  easily  be  grouped  under  section  4,  and  the  blame  laid 
at  the  door  of  the  mechanical  stoker.  The  Aiithor's  gas  samples 
were  drawn  from  the  wrong  point,  if  he  intended  to  use  the  results 
of  the  analyses  for  comparison  of  mechanical  versus  hand-firing. 

He  did  not  think  the  greatest  advocate  of  mechanical  stoking 
suggested  that  a  boiler  mechanically  fired  must  have  a  higher 
efficiency  than  one  fired  by  hand  by  a  man  who  knew  his  job 
thoroughly  and  was  prepared  to  exercise  his  knowledge  for  the 
purpose   of   a   test.     But   the   mechanical  stoker   was   capable   of 
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sustained  effort  over  very  long  periods  of  which  the  man  was  not 
capable,  and  providing  it  was  used  intelligently  there  was  no  doubt 
that  its  existence  was  justified  and  on  almost  all  the  grounds  disputed 
by  the  Author.  If  it  did  not  save  labour  in  a  small  installation,  it 
enabled  the  boiler  attendant  to  work  under  better  conditions  and 
gave  him  more  time  to  devote  to  other  work,  such  as  to  attend  to 
auxiliaries,  to  the  condition  of  his  boiler  setting,  and  to  observe  the 
readings  of  the  apparatus  which  was,  or  should  be,  part  of  the 
equipment  of  every  steam-raising  plant.  It  was  not  easy  to 
separate  the  furnace  efficiency  from  that  of  the  rest  of  the  boiler, 
namely,  the  heating  surface.  High  furnace  temperature  was  at 
least  a  good  indication  of  high  furnace  efficiency,  and  he  would  be 
greatly  surprised  to  know  that  the  Author  did  not  make  a  strong 
point  of  obtaining  this  when  instructing  his  clients  in  operating 
their  plants  on  the  scientific  lines  so  frequently  mentioned  in  the 
Paper  and  advocated  by  him  so  strongly  on  national  grounds. 

The  "  many  instances  of  serious  damage  to  furnace  crowns " 
(page  278,  par.  3)  were  doubtless  due  to  deposit  or  to  low  water. 
But  if  the  Author  could  quote  any  i-eliable  authority  to  support 
even  a  single  case  where  the  furnace  temperature  in  a  Lancashire 
boiler,  running  at  proper  water  level  and  properly  scaled,  was  so 
high  as  to  cause  overheating,  he  would  earn  the  gratitude  of  many 
members  who  would  doubtless  revise  their  ideas  on  the  question  of 
heat  transmission  through  steel  plates.  Further  deductions  by  the 
Author,  which,  no  doubt,  mechanical  stoker  makers  would  rightly 
regard  as  prejudiced,  were  given  on  page  273,  pars.  4  and  6  ;  and 
page  274,  par.  7.  In  what  manner  could  they  be  considered  as 
giving  any  advantage  to  the  mechanical  stoker  ? 

The  Author  was  on  less  debatable  ground  in  his  reference  to 
steam-jets,  probably  as  interesting  and  complete  an  article  as  was 
ever  published  in  this  connexion.  One  must  distinguish,  however, 
between  the  jets  used  solely  for  the  purpose  of  keeping  the  fire- 
bars at  a  working  temperature  and  those  used  for  the  purpose  of 
creating  draught  for  combustion.  The  former,  if  properly  used, 
were  capable  of  comparatively  low  steam  consumption.  IMany 
engineers,  however,  had  seen  modifications  and  additions  made  by 
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steam-users  with  the  object  of  increasing  the  draught.  An  excellent 
steam-jet  installation  used  for  this  purpose  had  long  been  recognized 
as  capable  of  taking  8  per  cent  to  10  per  cent  of  the  total  water 
evaporated  and  often  more,  owing  to  misuse,  which  was  not 
surprising  considering  that,  comparing  the  energy  in  the  steam 
to  the  useful  work  of  supplying  air,  the  eflBciency  was  always  less 
than  1  per  cent. 

Respecting  the  claims  made  by  the  mechanical-stoker  maker,  to 
which  the  Author  took  exception,  the  stoker-maker,  no  less  than 
the  fuel  economy  expert,  would  require  to  know  what  was  being 
done  with  a  given  plant  before  he  would  undertake  to  guarantee 
any  improvement.  Again,  like  the  fuel  economy  expert,  if,  to  take 
one  example,  30  per  cent  total  saving  were  the  outcome  of  his 
eflFort,  only  5  per  cent  of  which  was  due  to  improved  conditions  in 
firing  and  25  per  cent  due  to  a  bricklayer  armed  with  a  trowel  and 
some  cement,  both  these  specialists  would  claim  the  credit  of  30  per 
cent  increased  efficiency,  the  cKent  would  be  pleased  and  nobody 
should  object  to  the  result  being  quoted  for  advertisement  or  other 
purposes.  The  writer  could  not  see  any  attempt  at  deception,  and  if 
the  client  could  not  make  the  necessary  deduction  from  statements 
such  as  the  Author  objected  to,  then  he  should  get  the  assistance  of 
the  fuel  economy  expert  or  an  independent  engineer.  Much  could 
be  said,  and  doubtless  would  be  said  at  the  other  centres,  as  to 
the  ability  of  mechanical  stokers  to  burn  inferior  class  fuels,  like 
smudge,  etc.,  on  boilers  of  the  Lancashire  type. 

He  considered  that  the  makers  of  mechanical  stokers  were 
indebted  to  the  Author  for  such  an  excellent  opportunity  of 
clearing  the  atmosphere  of  much  doubtful  matter.  They  and  the 
devotee  of  the  Lancashire  boiler  had  learnt  much  concerning  the 
use  and  abuse  of  their  particular  apparatus  under  every-day  working 
conditions. 

Mr.  E.  P.  Ward  wrote  that  the  tests,  upon  which  the  data  quoted 
were  based,  were  apparently  not  primarily  made  with  the  view  of 
investigating  the  performances  of  the  mechanical  stoking  apparatus, 
but  with  the  object  of  determining  the  efficiency  of  the  boiler  plant 
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as  a  whole.  The  methods  of  dealing  with  the  two  cases  should  be 
somewhat  different;  for  example,  the  flue-gas  samples  were  drawn, 
in  the  tests,  from  the  side  flues.  Surely  when  dealing  with  the 
question  of  efiiciency  of  stoking  machinery  the  gases  should  be 
sampled  as  near  as  possible  to  the  furnace  itself,  namely  at  the 
down-take  where  the  gases  left  the  circular  flues. 

The  Author  did  not  appear  to  rebut  sufficiently  the  claims  of 
mechanical-stoker  makers  for  greater  efficiency  on  account  of  the 
non-necessity  of  opening  the  doors  to  clean  out.  {See  Efficiency 
page  274.)  Drawing  the  ashes  from  the  dump  behind  a  mechanical 
stoker  could  easily  be  just  as  wasteful,  owing  to  an  inrush  of  cold 
air,  as  when  cleaning  out  a  hand-fired  furnace.  The  operation  of 
cleaning  out  with  a  mechanical  stoker  might  be  even  more  prolonged 
and  arduous  than  with  a  hand-fired  furnace,  owing  to  the  large 
clinkers  which  were  frequently  formed  in  the  mechanical  stoker ;  and 
these  might  take  a  lot  of  breaking  up  and  manipulation  before 
removal.  The  opening  of  the  fire-door  of  a  hand-fed  boiler  iov  firing 
might  not  be  so  wasteful  as  it  might  appear  superficially,  as  at  this 
time  extra  air  was  necessary.  The  cleaning  out  of  ashes  from  a 
mechanically-fired  boiler  became  a  very  serious  matter  from  several 
points  of  view  when  cheap  coal — as  recommended  by  makers  of 
stokers — having  a  high  ash-content,  was  used. 

The  Author  gave,  as  results  of  his  tests,  an  average  output  of 
6,000  lb.  steam  per  boiler  per  hour,  whether  hand  or  mechanically 
fired.  It  was  very  doubtful  whether,  under  the  necessity  of  a  large 
output,  any  hand-fired  boiler  could  approach  the  mechanicjilly- 
fired  boiler's  performance  when  pressed  to  the  limit. 

It  was  curious,  in  view  of  the  statement  that  mechanical 
stokers  were  better  adapted  for  steady  loads  only,  as  in  cotton  mills, 
that  in  the  great  cotton  mill  district  of  Oldham  very  few  mechanical 
stokers  were  employed. 

There  was  undoubtedly  scope  for  the  simplification  of  construction 
and_working  of  mechanical  stokers.  Some  radical  advance  in  this 
direction,  coupled  with  automatic  ash-removal  from  behind  the 
furnace — as  a  complement  of  automatic  coal-feed  to  the  furnace — 
would  make  the  mechanical  fii'ing   of  boilers  a  very  much  more 
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practical  proposrtion  than  it  really  was  at  present.  Other  points 
to  consider  were,  that,  as  a  considerable  quantity  of  the  air- 
supply  was  required  to  eflfect  combustion  of  gases  given  off 
over  the  furnace,  it  was  somewhat  absurd  to  force  the  whole  of 
the  air  through  the  fire-bed  as  was  done  in  several  types  of 
mechanical  stokers.  Chimney  and  induced  draught  were 
wasteful  on  account  of  inleak  of  cold  air  through  the  crevices  in 
the  boiler-settings  and  through  the  fire-door  and  ash-pit.  Only 
suflficient  draught  need  be  provided  in  the  flues  to  draw  into  the 
space  over  the  fire,  at  practically  no  resistance,  sufl&cient  air  to  effect 
combustion  of  the  hydrocarbons,  and  to  carry  the  products  of 
combustion  through  the  flues  and  away  to  the  chimney  top.  The 
air  which  was  necessary  to  be  taken  through  the  fire-bed  should  be 
forced  through  from  below,  rather  than  drawn  through  from 
above.  A  cheap  and  fool-proof  system  of  CO2  recording  had  yet  to 
be  devised. 

Mr.  T.  Roland  Wollaston  wrote  that  the  Author  repeatedly 
referred  to  "  scientific  control  of  boiler  performance "  in  such  a 
manner  as  to  imply  that  only  men  of  high  scientific  attainments 
could  carry  out  tests  of  the  nature  set  forth.  For  upwards  of 
twenty  years  the  writer  had  been  pleading  for  more  common-sense 
control  of  boiler-plants,  with  daily  logging  of  results,  as  the  first 
and  only  means  of  securing  better  efficiency.  He  maintained 
emphatically  that  all  necessary  tests  could  be  carried  out  very 
easily  by  an  ordinary  mill  mechanic  (or  by  an  inteUigent  lad  under 
his  control) ;  that  such  tests  and  the  logging  thereof  did  not,  when 
once  organized,  occupy  more  than  one  hour  per  day ;  and  that  they 
were  of  infinitely  greater  value  than  snap  tests  of  six  or  eight  hours' 
duration.  He  was  glad  to  note  that  Mr.  Brownlie  had  in  most 
cases  run  one  week's  check  test.  He  endorsed  most  fully  the  point 
brought  forward  by  several  speakers,  that,  of  all  instruments  used 
in  the  boiler-house,  the  water-meter  was  economically  the  most 
important.  The  writer  would  like  to  add  how  excellently  the 
majority  of  works  engineers,  with  whom  he  had  come  in  contact, 
assimilated  and  carried  out  instructions  when  these  were  properly 
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conveyed  to  them,  taking  very  real  interest  therein.  Suggest  to 
such  men  that  they  were  playing  the  part  of  Sherlock  Holmes  and 
that  certain  British  Thermal  Units  had  criminal  intent,  and  they 
were,  as  a  rule,  keenness  itself. 

The  Author's  statistics  for  this  and  his  previous  Papers  were  of 
the  greatest  value  to  those  engineers  who  were  really  concerned  in 
coal  conservation,  but  they  were  wholly  futile  as  a  means  of 
deciding : — 

(1)  Whether  automatic  stoking  is  better  or  worse  than  hand- 
firing— or 

(2)  Whether  one  form  of  stoker  is  better  than  another. 

As  an  example  of  the  latter,  the  Author  gave  only  three  examples 
of  the  performance  of  underfeed  stokers,  and  as  two  of  these  were 
without  economisers,  one  only  was  comparable  with  the  remaining 
installations.  He  would  like  to  compare  the  Author's  example 
No.  77  with  No.  1  and  with  another  example,  the  figures  of  which 
were  placed  at  the  writer's  disposal  by  the  users.  The  efficiency  in 
the  last  case  was  the  avei'age  of  two  tests  conducted  by  one  of  the 
leading  boiler  insurance  companies.     Shortly,  the  results  were  : — 


Type  of  Stoker. 

Boiler- House  Efficiency. 
Per  cent. 

No.   1 

Sprinkler 

80-1 

„    77 

Underfeed 

43-7 

„    G.R.D. 

Underfeed 

82-0 

The  reasons  for  low  efficiencies  obtained  from  so  many  automatic 
stokers  appeared  to  be  : — 

(1)  That  purchasers  seemed  to  think  such  apparatus  possessed 
brains  of  its  own. 

(2)  That  stoker-makers  and  particularly  their  agents  were  more 
concerned  with  large  sales  than  with  efficiency,  and  therefore,  too 
often,  persuaded  people  to  install  them  under  improper  conditions. 

The  Lancashire  boiler  was  constructionally  a  perfect  piece 
of  apparatus,  but  scientifically,  in  his  view,  a  very  bad  one.  The 
chemical  process  of  burning  coal  was,  as  generally  understood, 
somewhat  complicated,  involving  the   conversion  of   air  admitted 
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through  the  bars  to  COo,  then  to  2C0,  and  then  its  combustion 
with  secondary  air.  All  these  chemical  changes  were  expected  to 
take  place  symmetrically  over  an  area  of  40  square  feet,  through  a 
bed  normally  say  6  inches  thick.  Was  it  not  unreasonable  to 
expect  consistency  ?  "Was  it  remarkable  under  these  conditions 
that  makers  gloated  over  COg  records  of  12  per  cent  and  only 
50  per  cent  excess  air  ?  Was  it  not  wonderful  that  chain-grate 
stokers  sometimes  obtained  these  results  consistently  ? 

He  was  convinced  that  the  proper  boiler  furnace  should  be 
devised  in  the  form  of  a  gas-producer,  with  fuel  bed  "  feet "  instead 
of  "  inches "  thick,  with  which  it  was  possible  to  work  with  an 
average  of  3  per  cent  free  oxygen  and  17  per  cent  COo  in  the 
chimney  gas.  Such  results  were  obtained  daily  when  burning 
under  boilers  producer-gas  generated  externally  in  producers,  and 
showing  gas  efficiencies  ranging  from  82  per  cent  to  90  per  cent, 
but  there  were,  of  course,  the  losses  due  to  heat  dissipated  in  the 
producer  and  mains  to  be  deducted,  which,  unless  counterbalanced 
by  some  rebate  due  to  by-product  recovery,  neutralized  the  eflfect. 
Therefore  one  wondered  why  the  combined  boiler  and  gas-producer 
was  so  long  delayed,  a  combination  in  which  the  radiant  heat  of 
the  high  temperature  producer-zones  might  be  utilized  in  heating 
the  feed- water,  pre-heating  the  air-blast,  or  superheating  the  steam. 
All  the  scientific  and  practical  data  for  such  combination  were  well 
understood,  and  the  only  thing  which  stood  in  the  way  was  the 
prejudice  set  up  by  sentimental  adherence  to  old  designs.  Gas-fired 
boilers  had  never  yet  had  their  chance,  because  the  gas  had  always 
been  applied  to  boilers  which  were  specifically  designed  for  coal 
firing. 

Mk.  David  Brownlie,  in  presenting  his  reply,  had  taken  the 
whole  of  the  discussion  in  London,  Manchester,  and  Birmingham, 
together  with  the  written  communications,  and  had  separated  it 
into  thirty-six  divisions.  The  amount  of  the  discussion  was  so  large 
that  if  each  point  raised  by  every  speaker  were  answered  separately, 
there  would  be  a  large  amount  of  overlapping,  and  the  reply  would 
extend  to  unreasonable  lengths.     He  would  like  to  state  that  in 
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correcting  the  proofs  it  was  overlooked  that  the  word  "  downwards" 
on  page  2G7,  line  19,  as  applied  to  underfeed  stokers,  should  read 
"  upwards." 

Taking  the  various  divisions,  there  were : — 

1.  The  OhjeH  of  the  Tests.— Mr.  Charles  Erith  stated  (page  317) 
that  the  object  of  the  tests  was  "  entirely  omitted  in  the  Paper  and  the 
Author's  language  was  extremely  vague."  Mr.  Erith  had  evidently 
not  read  the  first  par.  on  page  269.  '  In  addition  to  the  day's  test,  each 
plant  was  also  tested  for  a  complete  week,  without  interfering  in 
any  way  with  the  methods  found  in  use  in  the  working  of  the  plant, 
so  that  the  results  were  the  real  week-to-week  figures,  being  obtained 
all  the  year  round,  and  not  abnormal  *'  test "  figures.  As  Mr.  G.  T. 
Gillespy  (page  378)  had  pointed  out,  most  boiler  tests  had  hitherto 
been  carried  out  under  ideal  conditions  which  were  no  real  indication 
as  to  how  the  plant  was  usually  worked.  On  this  point  also  might 
be  noted  the  remarks  of  Major  S.  Utting  (page  394). 

2.  Completeness  of  the  Tests. — Mr.  Erith  complained  (page  317) 
that  anyone  examining  the  tests  would  be  struck  with  the  complete 
absence  of  heat  balances.  The  Author  contended  that  the  tests 
were  of  the  most  comprehensive  description  and  the  fullest  figures 
were  given,  and  he  felt  sure  that  nearly  every  engineer  would  agree 
with  him.  The  results  of  tests  given  by  many  mechanical  stoker 
firms  were,  as  a  rule,  not  only  very  badly  expressed,  but  had  so  many 
essential  figures  entirely  omitted  that  the  figures  were  practically 
valueless.  The  "  heat  balance  "  required  by  Mr.  Erith  was,  in  the 
opinion  of  the  Author,  worthless,  as  the  heat  losses  due  to  radiation, 
loss  in  ashes  and  so  on,  were  mere  guesses,  which  looked  very 
important  in  a  report,  but  were  of  no  practical  importance.  The 
essential  figures  of  any  boiler  test  were  the  net  working  efficiency 
of  the  plant,  after  deducting  the  steam  or  power  used  on  the  plant, 
with  the  separate  efficiencies  of  the  boilers,  economisers,  and 
superheaters,  and  the  heating  value  of  the  coal  as  fired. 

3.  The  Argument  that  the  Plants  Tested  are  not  Typical. — Mr.  Erith 
also  stated  (page  317)  that  no  information  was  given  of  the  conditions 
of  the  plants  and  general  conditions  of  upkeep,  the  inference  being 
presumably  that  the  80  plants  were  worse  than  the  average.     Mr. 
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J.  W.  Ainsworth  (page  350)  said  that  "  the  figures  put  forward  were 
the  results  of  tests  conducted  on  obviously  inefficient  boiler  plants," 
and  Mr.  A.  E.  A.  Edwards  (page  370)  stated  that  the  tests  "  only 
told  them  what  mechanical  stokers  did  under  obviously  bad 
conditions,"  while  Mr.  William  Reavell  said  (page  329)  that  the 
plants  could  scarcely  be  called  typical,  and  that  they  seemed  to  deal 
mostly  with  a  gi'oup  of  plants  in  the  woollen  and  similar  industries 
in  the  centre  of  England.  Mr.  G.  Dale  was  of  the  opinion  (page 
351)  that  the  80  plants  were  not  average  plants,  but  were  all 
inefficient,  the  reason  being  that  not  one  of  them  was  fitted  with  a 
water-meter. 

The  Author  in  reply  could  only  repeat,  as  stated  on  pages  268 
and  271,  that  these  80  plants  were  most  emphatically  not  selected 
cases,  good  or  bad  ;  and,  based  on  an  inspection  of  about  500 
mechanically-fired  plants,  he  was  of  the  opinion  that  they  were 
typical  of  the  boiler  plants  of  Great  Britain  (see  also  "  The  Age 
of  the  Plants  Tested,"  page  404).  If  they  were  worse  than  the 
average,  they  would  not  include,  for  example,  the  first  five  plants, 
which  were  all  over  72  per  cent  net  working  efficiency. 

The  Author  was  at  a  loss  to  understand  how  Mr.  Reavell  could 
have  arrived  at  the  conclusion  mentioned,  as  no  indication  had  been 
given  of  the  locality  of  the  plants.  However,  the  Author  would 
now  say  that  25  plants  were  in  Yorkshire  ;  18  in  Lancashire  ;  10  in 
the  Midlands  ;  9  in  Scotland  ;  6  in  the  South  of  England ;  4  in 
London  ;  3  in  South  Wales  ;  3  in  North  Wales,  and  2  in  Cheshire. 
As  regards  the  woollen  industiy,  only  18  tests  were  in  this  industry, 
of  which  16  were  in  Yorkshire,  and  2  in  Scotland.  The  Author  was 
of  the  opinion  that  these  80  plants  represented  a  very  fair  average 
of  the  country,  both  geographically  and  industrially.  In  reply  to 
Mr.  Dale,  it  was  no  argument  to  say  that  boiler  plants  must  be 
below  the  average  efficiency  of  the  country  because  they  were  not 
fitted  with  water-meters,  as  there  were  probably  not  2  per  cent  of 
boiler  plants  fitted  with  such  meters. 

Further,  with  regard  to  this  question  of  the  80  plants  being  a 
true  average  for  Great  Britain,  it  might  be  imagined  that  a  firm 
who  came  to  the  Author  for  advice  on  coal  economy  would  be  a  firm 
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whose  boiler  plant  was  in  a  very  bad  state,  but  in  practice  it  was 
not  so.  What  the  Author  found  was  that  the  boiler  plants  of  the 
firms  who  came  to  him  for  advice  were  on  the  average  better  than 
usual,  and  it  was  the  man  whose  boiler  plant  was  in  a  very  bad 
state  who  would  not  take  advice,  and  would  not  go  to  anybody  at 
all.  If  he  had  gone  about  the  country  picking  out  bad  plants,  the 
average  figures  for  the  efficiency  of  mechanically-fired  "Lancashire" 
boiler  plants,  instead  of  being  59  per  cent,  would  probably  have  been 
about  50  per  cent.  He  could  say  in  fact  that  these  80  plants  were,  if 
anything,  slightly  above  the  average,  although  he  could  not  prove  it. 
4.  The  Age  of  the  Plants  Tested. — On  this  point  the  argument 
was  that  the  80  tests  were  not  representative  of  the  mechanically- 
fired  boiler  plants  of  the  country,  because  they  were  carried  out 
during  the  War  when  conditions  were  not  normal.  It  was  evident 
that  Mr.  Erith  (page  317)  and  Mr.  Bennis  (page  323),  in  their 
anxiety  to  criticise  the  Paper  at  all  costs,  had  not  troubled  to  study 
Table  14  (pages  299-313).  In  this  Table  the  first  column  gave  the 
year  in  which  every  test  was  carried  out.  The  War  commenced  in 
August  1914.  Of  the  eighty  tests  six  were  carried  out  in  1911,  two 
in  1912,  seven  in  1913,  seven  in  1914  (five  before  the  War),  seven 
in  1915,  seven  in  1916,  fourteen  in  1917,  twenty  in  1918,  and  ten 
in  1919 ;  twenty  plants  were  therefore  tested  before  the  War 
commenced.  Also,  conditions  did  not  begin  to  get  abnormal  until 
at  least  a  year  after  the  War,  that  is,  until  the  end  of  1915,  and  the 
seven  plants  in  1915  were  really  under  pre- War  conditions.  Of  the 
remaining  fifty-three  plants,  thirteen  were  entirely  new  plants  on 
class  *'  A  "  work,  put  up  regardless  of  expense  during  the  War. 
Also,  the  Author  had  turned  up  the  original  logs  and  particulars  of 
the  forty  plants  left,  and  was  of  the  opinion  that  nineteen  of  these 
plants  were  quite  normal,  being  on  War  work.  Only  twenty-one 
plants  could  be  said  to  be  abnormal.  The  War  made  little  real 
difference  to  the  efficiency  of  most  mechanically-fired  boiler  plants, 
and  to  argue  that  the  War  was  the  cause  of  the  poOr  results  obtained 
by  mechanical  stokers  seemed  to  be  a  very  poor  excuse.  It  had 
always  been  an  argument  of  mechanical  stoker  makers  that 
mechanical   stokers   did   not  need    skilled    labour,   and   a    recent 
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argument  was  that  even  girls  could  get  good  results.  Mr.  Bennis, 
however,  stated  that  one  excuse  for  the'bad  results  was  that  the  War 
took  away  the  "real  firemen"  and  left  unskilled  labour.  The 
mechanical  stokers  could  not  have  it  both  ways. 

5.  Errors  in  the  Figures. — Mr.  Alfred  W.  Bennis  said  (page  322) 
that  some  obvious  errors  were  noticeable  in  the  Tables.  The  figures 
of  the  water  in  the  long  test  were,  however,  quite  correct,  being 
given  in  Table  14  in  gallons,  and  on  this  point  Mr.  Bennis  was 
wrong.  The  Author  would  point  out  that  in  the  production  of  such 
a  mass  of  figures,  representing  many  months'  work,  it  was  not 
altogether  possible  to  avoid  mistakes,  as  most  engineers  knew 
perfectly  well,  but  the  Author  had  done  his  best  to  reduce  them  to 
a  minimum. 

6.  The  Question  of  the  Disinterestedness  of  the  Tests. — Mr.  Bennis 
(page  322)  did  not  think  that  the  tests  were  entirely  disinterested. 
The  Author  could  only  say  in  reply  that  all  the  tests  had  been 
carried  out  with  the  greatest  care,  and  the  officials  of  the  particular 
firms  were  invited  to  take  all  the  readings  along  with  the  Aut.hor 
and  his  staff,  and  to  take  their  own  samples  for  separate  analysis. 
The  plants  were  worked  as  usual  without  any  alteration  or  special 
preparation,  and  the  firms  were  always  at  liberty  to  carry  out  check 
tests  themselves.  It  was  of  no  interest  to  the  Author  to  strain  a 
point  to  find  bad  results,  in  fact,  rather  the  reverse,  and,  if  anything, 
the  figures  in  these  tests  were  generous  to  the  mechanical  stoker. 
If  the  firm  wished  to  pay  for  a  reorganization  on  results,  they 
purchased  their  own  instruments  and  took  themselves  a  long  record 
of  their  own  plant,  to  estabKsh  the  basis  from  which  the  saving 
was  to  be  calculated.  The  Author  could  only  hope  that  mechanical 
stoker  firms  would  carry  out  their  tests  on  the  same  disinterested 
lines. 

7.  Fuel  Analysis. — Mr.  Bennis  stated  (page  323)  that  it  was 
obviously  impossible  that  the  heating  values  of  the  coal  were  taken 
direct  without  drying  in  the  oxygen  bomb  calorimeter,  and  that 
the  fuel  must  have  been  dried.  As  stated  in  the  Paper,  the  heating 
value  was  determined  in  the  oxygen  bomb  calorimeter  in  the  coal 
as  fired.     The  coal  after  sampling  was  not  dried,  but  ground  as 
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received,  :iiul  burnt  directly  in  high-pressure  oxygen  in  the  bomb 
in  the  usiuil  manner.  The  heating  value  so  obtained  was  that 
given  in  the  tests.  The  oxygen  bomb  calorimeter  was  the  standard 
instrument  for  the  purpose,  but  the  heating  value  determined  in 
this  manner  was  very  slightly  higher  than  the  real  heating  value 
in  the  furnace.  The  reason  was  that  the  water  produced  during 
the  combustion  of  the  coal  was  volatilized  as  steam  in  the  furnace, 
but  in  the  bomb  the  latent  heat  of  this  steam  was  retained.  In  a 
furnace  the  water  tended  to  escape  as  steam  at  the  temperature  of 
the  exit  gases,  and  thus  the  heat  available  in  the  furnace  was 
slightly  less  than  that  shown  by  the  bomb.  The  trouble  was,  however, 
that  even  if  a  flue  gas  had  an  exit  temperature  of,  say,  350''  F., 
it  did  not  follow  that  the  steam  passed  away  in  the  flue  gases  at 
350°  F.,  as  there  might  have  been  local  condensation  on  the  walls 
or  economizer  pipes.  The  best  practice  seemed  to  be,  therefore, 
to  take  the  gross  heating  value  as  obtained  by  the  bomb  calorimeter. 
In  any  case  the  diflerence  was  not  great,  being,  say,  200-300 
B.Th.U.  per  lb.  in  14,000. 

8.  Garhon  Dioxide  {CO.^). — Mr.  Bennis  (page  326)  seemed  to  be 
under  the  delusion'that  higher  CO2  necessarily  meant  higher  efficiency 
which  did  not  follow  at  all.  A  given  plant  might  have  14  per  cent 
CO2  and  be  giving  far  worse  results  than  one  with  5  per  cent,  and 
the  Author  once  met  a  very  careful  engineer  who  had  proved 
(quite  correctly)  to  his  own  satisfaction  that  as  the  percentage  of 
CO^  increased  on  the  boiler  plant,  his  efficiency  gradually  went 
down.  Consequently,  he  had  thrown  out  his  COj  recorder  and 
regarded  all  such  instruments  as  frauds.  The  reason  was  that  in 
addition  to  high  CO2  there  must  be  a  high  furnace  temperature  and 
no  free  CO  (carbon  monoxide).  With  a  black  fire,  bad  draught, 
and  14  per  cent  CO.^,  a  plant  might  easily  be  giving  bad  results  for 
this  reason.  If  free  CO  escaped  unburnt  the  heat  loss  was  serious, 
as  1  lb.  of  carbon  in  burning  to  CO  only  gave  4,450  B.Th.U.,  but  if 
burnt  to  CO.^  gave  14,500.  The  results  were  that  mechanical 
stoking  was  giving  slightly  more  CO^  (8  •  25  per  cent  against  7  •  5 
per  cent),  but  the  efficiency  could  quite  easily  be  very  much  less 
than    hand-firing    if    more    CO    were    present,    and   the    Author 
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could  assure  Mr.  Bennis  that  there  was  nothing  wrong  with 
the  figures. 

In  this  connexion  the  Author  did  not  agree  with  Mr.  Ainsworth 
(page  347)  that  mechanical  stokers  generally  gave  a  "  well-covered 
grate  with  no  bare  patches,"  whilst  hand-firing  was  haphazard. 
What  generally  happened  with  mechanical  stoking  was  that  the 
end  of  the  grates  was  almost  completely  bare,  as  the  coal  at  this 
point  had  been  practically  all  burnt  to  ash,  and  a  large  excess  of 
cold  air  passed  through  the  furnaces.  He  knew  many  cases  where 
firms  with  hand-firing  and  a  moderate  quantity  of  coal  were  getting 
10-12  per  cent  CO2.  He  would  not  say  that  this  was  common,  but 
there  were  quite  a  number  of  plants  where  hand-firing  was  giving 
very  efficient  results,  and  where  it  was  certainly  not  haphazard  at 
all.  In  these  cases  the  firemen  worked  very  well  indeed,  and  kept 
the  fires  thick  at  the  back  when  the  "  peak  "  load  came  on  in  a  way 
that  the  average  mechanical  stoker  did  not  do. 

In  reply  to  Major  S.  Utting  (page  395)  and  to  Mr.  E.  P.  Ward 
(page  398),  the  gas  samples  were  taken  from  the  side  flues  of  the 
boiler,  that  is,  the  nearest  practicable  point  to  the  furnaces.  If  the 
samples  were  taken  from  the  down-take,  the  gas-sampling  pipes 
were  very  soon  burnt  out,  and  the  Author  did  not  think  the  very 
slight  amount  of  leakage  between  the  side  flue  and  the  down-take 
would  make  any  material  difference.  These  gas-sampling  pipes 
were,  of  course,  installed  for  permanent  use  all  the  year  round,  and 
this  was  why  the  side  flue  was  preferable  to  the  down-take. 

Mr.  David  Rushworth  (page  321)  had  asked  the  Author's 
opinion  on  the  working  of  CO2  recorders,  and  also  of  the  working 
of  the  bonus  system  to  firemen,  based  on  the  percentage  of  CO2. 
The  Author  in  reply  could  not  very  well  discuss  individual 
instruments,  but  two  or  three  of  the  dozen  or  so  instruments  in 
use  worked  very  well  indeed.  A  CO2  recorder  required  daily 
attention,  and  should  be  in  the  firehole  enclosed  in  a  dust-tight 
wooden  case  with  a  glass  front.  Very  many  firms  have  had  most 
disheartening  experiences  with  COg  recorders,  some  of  which  were 
undoubtedly  too  fragile  and  complicated.  A  COj  recorder  was, 
however,  essential  to  economy,  and  had  to  be  persevered  with. 
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With  regard  to  the  question  of  a  bonus  to  firemen  on  the  results 
of  the  CO.,  recorder,  the  Author'.s  experience  generally  was  that  it 
did  not  work  very  well.  The  firemen,  as  a  rule,  either  would  not 
work  to  the  instrument  at  all,  or  were  suspicious  of  it,  and  often 
had  the  idea  that  it  was  "  faked "  against  them.  A  system  of 
bonus  payment  to  a  boiler  house  staff  was  most  difficult  to  devise 
to  work  well  in  practice,  but  the  Author  was  of  the  opinion  that  it 
should  be  based  on  coal  burnt,  analysis  of  coal,  water  evaporated, 
and  CO.j.  Very  much,  however,  depended  on  the  local  conditions 
and  the  temperament  of  the  men. 

9.  Black  Smoke. — Mr.  Storie  stated  (page  314)  that  the 
experience  of  the  Corporation  of  Bradford  was  that  black  smoke  in 
that  town  was  reduced  by  the  installation  of  mechanical  stokers, 
and  other  speakers  mentioned  this  point,  notably  Captain  H.  L. 
Pirie  (page  387).  Mr.  Storie  had  also  questioned  the  methods  of 
expressing  the  degree  of  black  smoke  of  each  individual  plant. 
The  Author  was,  of  course,  in  agreement  with  that ;  as  "  Lancashire  " 
boiler  plants  were  worked  to-day,  mechanical  firing  gave  less  smoke 
(pages  281-2).  But  it  must  be  remembered  that  good  hand-firing 
was  also  smokeless,  and  further  that  a  smokeless  chimney  might 
indicate  a  very  inefficient  boiler  plant,  as  stated  by  Captain  Pirie 
(page  387).  It  was  not  difficult  to  prevent  smoke  by  admitting  a 
huge  excess  of  air  and  working  with  a  low  COo  percentage,  with 
corresponding  heavy  losses  in  the  coal  bill.  What  was.  required 
was  smokelessness  by  complete  combustion  and  high  CO.^  with 
absence  of  CO,  Many  mechanical  stokers  had  little  smoke  because 
the  fires  burned  thin  at  the  end  of  the  grates,  being  little  more 
than  ash,  and  a  large  excess  of  air  was  admitted  because  of  this. 
The  difficulty  with  hand-firing  was  that  a  careless  fireman  might 
cause  heavy  black  smoke,  as  for  example,  by  "  lifting  "  a  fire  that 
has  just  been  charged  and  contained  much  unburnt  coal.  Black 
smoke  also  largely  depended  not  only  on  the  quality  of  the  coal, 
but  also  the  state  of  division  of  the  coal.  Thus  lump  coal  would,  in 
general,  smoke  much  more  than  coal  in  a  fine  state  of  division. 

In  reply  to  Mr,  Storie,  it  was  very  difficult  to  express  the 
amount  of  black  smoke  on  what  might  be  called  scientific  lines, 
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because  the  degree  of  black  smoke  during  a  long  test  was  to  a  large 
extent  purely  a  matter  of  personal  opinion  on  the  part  of  the 
observer.  The  Author  originally  used  the  method  suggested  by  The 
Institution  of  Civil  Engineers,  but  after  a  number  of  years,  had 
abandoned  it  in  favour  of  a  simple  expression  of  opinion,  divided 
into  the  five  categories  of  "  good,"  "  fairly  good,"  "  medium," 
"  bad,"  and  "  chronic."  As  Mr.  Storie  surmised,  "  chronic  "  denoted 
almost  continuous  black  Smoke.  It  must  be  remembered  that  th^ 
observations  extended  over  the  full  week's  trial,  and  any  method 
such  as  that  of  The  Institution  of  Civil  Engineers  became  very 
difficult  to  apply. 

10.  Steam-Jets. — Mr.  Storie  (page  316)  stated  that  he  had 
reduced  the  steam  consumption  on  boiler  plants  by  as  much  as 
12  per  cent  of  the  total  steam  production  of  the  plant  by  simply 
replacing  worn  nozzles.  This  was  rather  striking  testimony  in 
favour  of  the  Author's  contention  of  the  loss  in  efficiency  caused  in 
many  places  by  mechanical  firing.  Hand-fired  steam-jet  furnaces 
were  of  course  equally  guilty,  and  the  Author's  experience  had 
been  that  the  average  steam  consumption  on  both  hand-  and 
mechanicaUy-fired  plants  was  6'6  per  cent  of  the  production. 
Mr.  Erith  (page  320)  said  that  steam-jets  were  not  used  by  the 
"  more  modern  type  of  stoker."  "What  constituted  a  more  modern 
type  of  stoker  for  "  Lancashire  "  boilers  was  a  matter  of  opinion, 
but  of  thirteen  makes  of  stokers  now  in  use  for  narrow-flued 
boilers,  eleven  had  steam-jets.  Mr.  Erith  also  said  that  "there 
was  no  excuse  for  misleading  figures  being  put  into  tests,  as  when 
steam-jets  were  taking  ten  times  what  they  normally  should.  If 
anything  about  a  plant  was  thoroughly  out  of  order,  it  certainly 
ought  to  be  taken  into  account  and  put  right  before  tests  were 
recorded."  The  figures  given  by  the  Author  for  the  amount  of 
steam  used  by  the  jets  were  not  "  misleading,"  but  were  actually 
what  was  being  used  on  typical  plants  all  the  year  round.  It 
seemed  to  the  Author  that  the  word  "  misleading "  applied  very 
strongly  to  most  makers  of  mechanical  stokers,  who  first  conveniently 
ignored  this  point,  and  then  talked  about  a  modest  1-2  per  cent. 
The  figures  were  not  ten  times  the  normal,  but  only  about  twice, 
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namely,  an  average  of  G  •  6  per  cent  instead  of  about  3;^  per  cent. 
The  plants  tested  were  not  "  out  of  order  "  at  all,  but  were  running 
as  usual,  and  the  object  of  the  test  was  to  find  out  the  figures  for 
this  usual  performance. 

With  regard  to  Mr.  Reavell's  point  (page  329)  concerning 
Table  1 1  (page  289),  it  was  quite  correct  that  plant  No.  6  was  using 
no  steam  at  the  nozzles.  In  this  particular  case  the  nozzles  were 
entirely  shut  off,  and  the  firm  in  question  risked  the  moving  bars 
being  warped  or  burnt  out. 

11.  Steam  Consumed  hy  Mechanical  Draught  Engines. — Mr. 
Storie  expressed  (page  316)  the  opinion  that  the  methods  used  of 
obtaining  the  amount  of  steam  used  by  fan  engines  was  not  very 
exact,  as  a  figure  of  35  lb.  of  steam  per  i.h.p.  was  assumed. 
The  Author  would  say  that  this  was  not  quite  correct,  as  in  a 
number  of  cases  the  engine  was  actually  indicated  (page  270). 
I\Ir.  Storie  was,  however,  quite  right  in  stating  that  the  figure  so 
obtained  might  be  on  the  low  side  because  of  steam  leakage  and 
condensation.  The  Author  was  aware  of  this,  but  allowed  the 
figures  to  go,  as  they  were  in  favour  of  the  mechanical  stoker,  the 
erticiency  of  the  plant  being  therefore  very  slightly  too  high.  For 
the  same  reason  the  Author  ignored  the  steam  used  in  driving  the 
stokers,  and,  in  fact,  all  through  the  Paper  the  statements  and 
figures  were  generous  to  the  mechanical  stoker.  It  was,  of  course, 
correct  that  the  best  way  to  obtain  the  steam  consumption  of  a  fan 
engine  would  be  to  condense  and  measure  the  exhaust  steam,  but 
this  would  seem  to  be  a  very  laborious  proceeding  for  an  ordinary 
test,  in  view  of  the  fact  that  in  any  case  the  error  was  very  slight 
as  expressed  in  the  final  results. 

12.  The  Amount  of  Moisture  in  the  Steam. — Mr.  Daniel 
Adamson  had  raised  (page  343)  the  question  of  the  amount  of 
moisture  in  the  steam,  which  was  certainly  a  very  good  point.  It 
was  very  difficult  to  determine  the  percentage  of  moisture  in  steam, 
and  in  practice  it  was  hardly  possible  for  regular  working.  Many 
of  the  eighty  tests  were  carried  out  on  boiler  plants  fitted  with 
superheated  steam,  and  in  superheated  steam  there  was  no 
moisture.     The  percentage  of  moisture  in  saturated  steam  varied 
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as  a  rule  from  about  1  per  cent  to  4  per  cent,  but  the  Author  had 
not  determined  the  moisture  because  of  practical  difficulties ;  he 
thought  it  could  be  taken  that  the  eighty  plants  were  quite  average 
as  regards  "wetness  of  steam.  Some  boiler  plants  had  wetter  steam 
than  others,  but,  taking  the  average  of  a  large  number  of  tests 
under  all  conditions,  he  did  not  think  this  factor  would  really 
matter.  In  any  case  the  error  was  in  favour  of  the  mechanical 
stoker,  as  it  tended  to  show  the  efficiency  higher  than  it  really  was. 

13.  Efficiency  Figures. — Mr.  Ainsworth  stated  (page  346)  that 
his  firm  usually  guaranteed  7^-10  per  cent  saving  in  the  "  fuel 
costs  "  by  the  installation  of  mechanical  stokers,  based  on  an  equal 
evaporation  with  hand  firing.  This  was  a  very  modest  claim 
indeed,  and  a  most  unusual  one  for  mechanical  stoker  makers. 
Taking  these  figures,  on  most  of  the  boiler  plants  of  Great  Britain, 
by  the  time  the  interest  on  the  capital,  the  depreciation,  the  cost  of 
repairs,  the  amount  of  steam  used  by  nozzles  and  so  on  had  been 
deducted,  the  real  net  saving  remaining  would  be  practically  nil. 

14.  The  Causes  of  the  Low  Efficiency. — A  number  of  the 
speakers,  particularly  Mr.  William  Ingham,  Mr.  Daniel  Adamson,. 
and  Mr.  A.  E.  A.  Edwards,  also  Mr.  Milner  Hurd,  Mr.  A  W. 
Purchas,  and  Mr.  "WoUaston,  had  made  vai-ious  statements  (in 
addition  to  the  "type  of  boiler,"  page  41.5)  as  to  the  causes  cf 
the  low  efficiency,  such  as  leaky  brickwork,  bad  boiler  and  pipe- 
covering,  accumulation  of  flue  dust,  insufficient  use  of  superheaters, 
percentage  of  unburnt  fuel  in  the  ash,  lack  of  circulators,  and  so 
on.  The  Author  in  general  entirely  agi'eed  with  these  remarks, 
but  of  course  it  was  not  the  object  of  the  Paper  to  point  out  the 
causes  of  the  trouble.  An  analysis  of  the  causes  of  low  efficiency 
would  provide  sufficient  material  for  several  Papers. 

15.  The  Life  of  the  Boiler. — With  regard  to  the  question  of 
the  life  of  the  boUer,  the  Author  was  in  agreement  with  Mr.  T. 
Walton  (page  355)  that  the  heat  tended  to  be  localized,  in  opposition 
to  Mr.  Ainsworth  (page  347),  who  maintained  that  the  fire  was  more 
even.  This  point  was  not  of  very  much  importance  as  an  argument 
for  mechanical  stokers,  considering  the  average  long  life  of  hand- 
fired    boilers.     Many   hand-fired    boilers    had    been    working   for 
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remarkable  periods.  Mr.  Ingham  (page  353)  mentioned  a  case  of 
sixty  years'  life.  The  Author  at  the  present  moment  had  in  hand 
the  replacement  of  two  "  Lancashire "  boilers  of  Low-moor  iron 
that  had  been  working  fifty-five  years. 

16.     Increased  Steajn  Output. — Mr.  Bennis  (page  326)  said  that 

it  was   so  well  known   that  an  efficient  mechanical  stoker  would 

make  more  steam  than  by  hand  firing,  that  he  was  surprised  such  a 

question  should  ever  be  raised.     He  also  stated  that  the  figures  he 

supplied   proved  that  the  Author's  figures   were  ridiculously  low. 

Mr.  Ainsworth  (page  347)  said  that  his  firm  had  never  come  across 

a   hand   installation  yet  that,  with   their  mechanical   stoker  and 

furnace,  they  could  not  beat  by  15-25  per  cent  as  regards  amount 

•of  steam  generated.     Mr.  J.  Geldard  (page  358)  gave  a  number  of 

figures  showing  the  efficient  results  being  obtained  by  mechanical 

£ring. 

The  Author  could  only  say  in  reply  that  in  his  experience  of 
iboiler  plants  as  usually  worked  to-day,  mechanically-fired  plants 
did  not  evaporate  more  water  than  hand-fired  plants,  and  that  the 
figures  mentioned  by  Mr.  Bennis  did  not  represent  average  plants. 
Many  firms  had  discarded  mechanical  stokers  because  they  did  not 
make  enough  steam. 

17.  Burning  Inferior  Coal. — Mr.  Bennis  stated  (page  322)  that 
low-grade  fuels  which  could  not  be  burnt  by  hand  firing  could  be 
burnt  by  mechanical  firing,  and  that  collieries  were  burning  refuse 
coal  containing  30-40  per  cent  ash.  Mr.  Ainsworth  (page  348) 
said  tha.t  a  mechanical-stoker  installation  saved  the  whole  of  the 
coal  biU  at  a  colliery  by  burning  unsalable  coal,  and  that  hundreds 
of  mechanical  stokers  were  burning  inferior  coal.  Mr.  J.  G.  McLean 
(page  360)  also  stated  that  mechanical  stokers  would  burn  inferior 
coal  impossible  for  hand  firing.  These  statements  wei'e  really  no 
argument  generally  in  favour  of  mechanical  firing,  because  exactly 
the  same  thing  could  be  done  by  hand  firing,  as  the  Author's  firm 
had  done  themselves  a  few  years  ago  at  a  famous  colliery  in 
Yorkshire,  where  a  hand-fired  boiler  plant  had  been  run  with 
suitable  draught  for  years  on  washer  settlings,  and  about  90  per 
cent  of  the  coal  bill  had  been  saved.     There  were  also  hundreds  of 
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hand-fired  boilers  using  inferior  coals,  and  there  were  many  such 
fuels  that  could  not  be  burnt  by  mechanical  stokers.  Most  stokers, 
for  example,  would  not  burn  washer  settlings.  But  certain  qualities 
of  inferior  coal,  in  a  dry  state  containing  a  large  amount  of  shale, 
certainly  gave  better  results  with  mechanical  fixing  by  reducing  the 
heavy  cleaning  out  necessary  with  hand  firing. 

18.  Flexibility  of  Coal  Burnt. — In  spite  of  the  statements  made 
by  various  speakers  in  the  discussion,  the  Author  still  maintained 
that  one  of  the  inherent  defects  of  the  mechanical  stoker  was  its 
lack  of  flexibility  as  regards  the  qualities  of  coal  burnt.  As  Mr. 
Milner  Hurd  pointed  out  (page  383),  steam-users  soon  discovered 
this  to  their  cost  when  the  Coal  Controller  proposed  to  change  the 
quality  of  the  coal,  and  the  experience  of  Mr.  Purchas  (page  389) 
was  quite  a. common  one. 

19.  Cost  of  Upkeep. — Mr.  Ainsworth  (page  349)  stated  that  the 
cost  of  upkeep  of  mechanical  stokers  under  average  conditions  was 
"  5  per  cent  per  annum  on  the  outlay."  This  corresponded  to  about 
£\2  per  annum  per  "Lancashire"  boiler.  In  tlie  opinion  of  the 
Author,  statements  like  this  were  simply  ludicrous,  and  in  fact 
were  no  more  than  the  cost  of  upkeep  of  hand-fired  stationary  bars. 
Hundreds  of  steam-users  knew  that  the  upkeep  and  trouble  in 
connexion  with  mechanical  stokers  was  often  ruinous,  and  figures 
like  £50-<£60  per  annum  per  boiler  for  upkeep  alone  were  quite 
common.  Mechanical  stokers  had  been  scrapped  in  scores  for  this 
one  fact,  and  the  experience  of  Mr.  Beeching  (page  372)  was 
a  common  one.  Thus  one  of  the  advocates  of  mechanical  firing, 
Mr.  J.  G.  McLean,  admitted  (page  360)  that  the  life  of  a  mechanical 
stoker  was  only  seven  years  if  kept  in  reasonable  condition. 

20.  Saving  in  Labour. — Mr.  Bennis  (page  322)  gave,  as  an 
example  of  labour  saving,  a  Government  explosive  factory  of 
thirty-two  "  Lancashire  "  boilers  worked  entirely  with  girl  labour, 
and  Mr.  Ainsworth  (page  349)  gave  the  figures  for  the  saving  on  a 
plant  of  eight  "  Lancashire  "  boilers.  The  Author  would  point  out 
that  he  had  stated  most  clearly  on  page  292,  that  on  plants  of 
eight  "  Lancashire  "  boilers  or  over,  the  saving  in  labour  began  to 
be  considerable,  but  this  saving  did  not  apply  to  most  of  the  boiler 
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plants  of  the  country,   l)ecause  the  average  size  was  four  boilers 
or  less. 

With  regard  to  the  thirty-two  "  Lancashire "  boilers  and  girl 
labour  mentioned  by  ^Tr.  liennis,  the  Author  had  acted  during  the 
War  as  Scientific  Adviser  to  the  High  Explosives  Department  of 
the  Ministry  of  INIunitions  in  connexion  with  all  the  boiler  plants 
under  their  control.  He  was  familiar  with  one  "  Lancashire " 
boiler  plant  of  thirty-two  boilers,  worked  by  girl  labour.  There 
were  120  girls  on  this  plant,  in  three  shifts  of  forty  girls  each, 
being  one  girl  to  each  boiler  and  eight  girls  over  with  no  very 
obvious  duties.  On  each  shift  were  also  four  men  under- 
superintendents  to  look  after  the  forty  girls,  and  the  superintendent 
had  one  or  two  girl  "  secretaries "  to  keep  records,  etc.  There 
seemed  to  be  also  one  or  two  boys  with  no  very  defined'  duties,  and 
mechanics  were  generally  around  on  repairs.  Altogether  the  fire- 
hole  was  a  remarkable  spectacle  from  the  point  of  view  of  labour 
saving,  and  girl  labour  generally  did  not  seem  to  the  Author  to  be 
much  of  an  argument  in  favour  of  mechanical  stoking. 

21.  Economisers. — Mr.  David  Rush  worth  had  pointed  out 
(page  321)  that  mechanical  stokers  often  had  a  very  bad  eflfect  on 
the  economiser,  causing  corrosion,  due  to  sulphuric  acid  from  the 
sulphur  in  the  coal  in  conjunction  with  the  steam-jets  used.  The 
Author  quite  agi-eed  with  this  remark,  and  knew  of  a  number  of 
cases  where  this  had  occurred,  both  in  connexion  with  mechanical 
stokers  and  hand-fired  steam-jet  furnaces.  This  fact  might 
certainly  have  been  mentioned  in  connexion  with  the  life  of  the 
boilers,  but  the  Author  was  anxious  if  anything  to  understate  the 
disadvantages  of  mechanical  firing. 

22.  Superheaters. — In  reply  to  Mr.  Daniel  Adamson  (page  344), 
with  regard  to  the  question  of  superheaters,  the  Author  was  sorry 
he  could  not  give  the  names  of  different  makes  of  superheaters.  It 
was  hardly  possible  for  him  to  recommend  or  mention  any 
particular  Firm.  Engineers  knew  that  this  country  did  not  make 
sufficient  use  of  superheaters.  He  did  not  know  what  percentage  of 
boiler  plants  in  this  country  were  fitted  with  superheaters,  because 
there  was  not  a  proper  engineering  census  of  the  country. 
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23.  Question  of  the  "  Lancashire "  Boiler  versus  the  "  Water- 
Tube  "  Boiler. — Many  of  the  speakers  had  taken  up  the  attitude 
that  the  cause  of  the  low  efficiency  was  the  "  Lancashire "  boiler 
itself,  and  in  some  cases  had  twisted  the  facts  of  the  Paper  as  an 
argument  in  favour  of  the  water-tube  boiler.  For  example,  Mr. 
Erith  stated  (page  318)  that  a  large  American  explosive  plant  was 
giving  very  efficient  results,  using  water-tube  boilers,  and  Mr. 
Reavell  was  of  the  opinion  (page  331)  that  the  Paper  was  somewhat 
of  a  reflection  on  the  "  Lancashire  "  boiler  as  against  the  water-tube 
boiler.  Mr.  David  Wilson  said  (page  333)  that  water-tube  boilers 
were  being  installed  in  industries  where  the  "  Lancashire  "  boiler 
was  formerly  considered  the  only  plant,  and  Mr.  Arthur  Spyer 
asked  (page  335)  if  the  "  Lancashire "  boiler  was  not  to  blame 
instead  of  the  mechanical  stoker,  and  stated  that  the  "  Lancashire  " 
boiler,  although  of  "  prehistoric  construction  "  was  not  really  so  bad 
as  53  per  cent  working  efficiency. 

There  was  not  the  slightest  justification  for  such  statements,  and 
the  Author  had  distinctly  pointed  out  (page  276)  that  "  Lancashire  " 
boilers,  even  with  mechanical  stokers,  and  proper  methods  of  control 
will  give  most  efficient  results,  averaging  say  75  per  cent  net 
working  efficiency.  On  Table  14  (pages  299-313)  the  first  four  or 
five  tests  showed  this.  In  fact  he  almost  agreed  with  Mr.  William 
Ingham  (page  353)  that  "  Lancashire  "  boiler  plants  could  work  on 
80  per  cent  efficiency.  In  any  case  the  respective  merits  of  the 
"  Lancashire  "  boiler  and  the  "  water-tube  "  boiler  were  outside  the 
sphere  of  this  Paper,  but  the  Author  agreed  with  Mr.  Daniel 
Adamson  (page  342)  that  it  had  been  nobody's  special  business  to 
advertise  the  advantages  of  the  "  Lancashire  "  boiler. 

24.  Coke  as  a  Fuel. — Mr.  Milner  Hurd  had  asked  (page  381) 
the  Author's  opinion  of  coke  as  a  fuel.  Coke  was  not  used  on  any 
of  the  eighty  tests,  and  in  fact  could  hardly  be  used  by  itself  on  any 
mechanical  stoker  for  narrow-grate  boilers.  The  Author  had  had 
considerable  experience  with  coke  and  coke  breeze  as  a  boiler  fuel, 
and  would  point  out  that  there  are  two  or  three  difficulties  in 
connexion  with  coke.  The  first  was  the  percentage  of  moisture. 
Coke  should  not  contain  more  than  5-6  per  cent  of  water.     It  was 
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however  very  porous  and  rapidly  absorbed  water,  either  by  being 
left  about  in  the  rain  or  by  excessive  quenching  at  the  gas  works  or 
coke  ovens.  In  such  cases  the  percentage  of  water  soon  became 
20  per  cent  or  over,  and  the  coke  was  then  practically  worthless  as 
a  fuel.  The  second  difficulty  was  generally  the  price,  which  in  most 
loGilities  was  too  high  in  comparison  with  coal,  and  it  was  also  liable 
to  fluctuate  from  month  to  month  in  a  most  confusing  manner. 
Further,  the  rate  of  combustion  should  not  exceed  say  22  lb.  per 
square  foot  of  grate  area  per  hour,  and  a  proper  forced  draught 
furnace  must  be  used.  Apart  from  these  conditions,  coke  was  an 
ideal  fuel  for  hand-fired  boilers.  It  was  smokeless,  it  burnt  with 
abundant  radiant  heat  and  1 5  per  cent  CO.,  continuously,  and  the 
cleaning  out  was  very  easy  as  the  ash  was  friable ;  80  per  cent 
efficiency  could  be  obtained  with  reasonable  care,  and  the  Author 
had  reorganized  plants  which  gave  results  like  9*  0-10*0  lb.  of  water 
at  100"  F.  per  lb.  of  coke  all  the  year  round. 

25.  The  National  Electrification  Scheme. — Mr.  Erith  stated 
(page  318)  "the  essence  of  the  Paper,  as  he  understood  it,  was  an 
attack  on  the  National  Electrification  Scheme."  As  far  as  the 
Author  was  concerned,  the  essence  of  the  Paper  was  the  poor 
results  being  obtained  by  the  mechanical  stoker  on  the  average 
"  Lancashire "  boiler  plant,  the  figure  being  only  59  per  cent  net 
working  efficiency.  With  regard,  however,  to  the  National 
Electrification  Scheme,  the  Author  wished  to  point  out  the  enormous 
saving  that  could  be  made  by  bringing  the  existing  boiler  plants  of 
the  country  up-to-date  at  a  comparatively  small  cost.  Economy 
was,  however,  not  popular,  and  all  that  seemed  to  be  important 
was  the  squandering  of  untold  millions  of  money.  The  advocates 
of  this  scheme  ignored  at  any  rate  two  important  factors.  The 
first  was  that  this  country  would  for  many  years  need  to  burn  say 
15-20,000,000  tons  of  coal  per  annum  for  steam  process  work  in 
industries  like  bleaching,  dyeing,  calico  printing,  brewing,  chemical, 
hat  manufacture,  paper,  finishing,  etc.  If  this  steam  were  generated 
at  fairly  high  pressure,  say  150-200  lb.  and  passed  through  a 
"  pass-out "  turbine  or  engine  emerging  at  say  20-40  lb.  pressure, 
such  works  would  generate  practically  all  their  power  for  nothing 
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at  all  by  avoiding  the  '*  latent  heat  of  steam  "  loss.  A  super-power 
station,  however,  burning  say  1,000  tons  of  coal  a  day  with  ordinary 
condensing  turbines  wasted  at  least  600  tons  of  coal  a  day  as  latent 
heat  in  the  cooling  water,  and  the  whole  principle  was  unscientific. 
The  second  factor  was  that  existing  boiler  plants  and  electricity 
stations  could  be  made  much  more  efficient.  The  Author  had 
stated  many  times  that  on  the  existing  steam  generation  plants 
alone  of  Great  Britain  15-20,000,000  tons  of  coal  could  be  saved 
by  adopting  scientific  methods  of  steam  generation.  When  these 
facts  were  taken  in  conjunction  with  the  stupendous  cost  of  new 
super-stations  and  wiring  at  to-day's  price  of  plant,  together  witb 
the  interest  on  the  money  and  depreciation,  the  advantages  of 
the  super-power  station  scheme  would  be  found  to  be  grossly 
exaggerated. 

26.  Boiler  Plants  in  Electricity  Stations. — Mr.  David  Wilson 
(page  335)  said  that  the  Author  was  on  dangerous  ground  in 
making  statements  reflecting  on  the  judgment  of  some  of  the 
best  power-station  engineers  in  the  country,  presumably  because 
according  to  Mr.  Wilson's  own  statement,  out  of  the  865  cylindrical 
boilers  at  power  stations,  566  were  mechanically  fired,  that  is 
66  per  cent.  The  Author  did  not  see  the  point  of  such  remarks, 
and  might  easQy  retort  that  power-station  engineers  generally 
would  be  on  dangerous  ground  in  questioning  the  judgment  of  the 
Author,  who  had  probably  had  far  more  experience  of  steam 
generation  than  most  power-station  engineers.  What  was  wanted, 
however,  was  facts.  The  boiler  plants  of  many  power  stations 
were  in  a  deplorable  condition,  and  probably  an  average  of  10  per 
cent  in  the  coal  bill  could  be  saved  on  the  boiler  plants  of  all  the 
power  stations  of  Great  Britain. 

27.  Special  Points  Raised  by  Mr.  J.  M.  Walshe. — He  stated  (page 
371)  that  on  page  275  the  Author  had  compared  80  mechanically  fired 
"  Lancashire  "  boiler  plants  of  59*0  per  cent  average  networking 
efficiency  with  250  plants  of  which  24  per  cent  were  mechanically  fired 
and  76  per  cent  hand  fired,  of  which  the  average  was  60  •  09  per  cent 
net  working  efficiency.  Subtracting  from  these  250  plants  the  24  per 
cent   mechanically-fired  plants,  the  remaining  76  per  cent  hand- 
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fired  plants  had  an  efficiency  of  only  57 '8  per  cent,  so  that 
according  to  this,  mechanically-fired  plants  were  really  doing  better. 
This  was,  however,  not  the  case,  as  the  figures  were  complicated  by 
the  fact  that  many  of  the  boilers  were  not  "  Lancashire  "  boilers, 
and  if  these  were  left  out,  the  figures  for  the  hand-fired  plants 
would  be  higher  for  "  Lancashire "  boilers  only.  The  Author 
included  the  'li)0  tests  only  as  a  matter  for  comparison  of  general 
interest,  and  was  of  the  opinion  that  the  efficiency  of  a  given 
"  Lancashire  "  boiler  plant  as  usually  worked  to-day,  with  the  same 
nstallation  of  economisers  and  superheaters,  was  about  59  per  cent 
for  mechanical  firing  and  62  per  cent  for  hand  firing,  but  somewhere 
about  60  per  cent  for  both  was  probably  not  far  wrong  for  the  whole 
country. 

In  reply  to  Mr.  Walshe's  other  point,  the  Author  could  not 
understand  why  the  figures  should  not  give  a  fair  comparison 
between  mechanical  and  hand  firing,  and  that  a  low  level  of 
efficiency  must  result  for  both  systems.  The  Author  had  tested 
eighty  typical  plants,  and  the  results  showed  that  steam  was  being 
generated  in  a  most  inefficient  manner  because  of  lack  of  proper 
scientific  methods  of  control.  They  also  showed  that  mechanical 
stokers  without  such  methods  of  control  were  of  no  advantage  from 
the  point  of  view  of  efficiency,  and  all  kinds  of  results  were  being 
obtained  in  practice,  just  as  with  hand  firing.  The  general 
impression,  however,  was  that  mechanical  stokers  gave  better 
results,  no  matter  what  were  the  methods  of  control,  which  the 
Author  had  endeavoured  to  prove  was  not  correct. 

28.  Special  figures  supplied  hy  Mr.  Bennis. — He  gave  figures  (pages 
324-5)  for  a  number  of  tests  representing  twenty-six  "  Lancashire  " 
boilers  mechanically  fired,  but  it  was  impossible  to  criticize  or  to  give 
any  opinion  on  these,  as  there  were  hardly  any  data  supplied.  For 
example,  the  heating  value  of  the  coal  was  not  stated,  neither  was  the 
evaporation,  and  the  steam  used  by  the  steam-jets.  It  was  not  clear 
what  was  meant  by  "efficiency,"  but  if  the  real  net- working 
efficiency  averaged  73-7  per  cent,  then  the  Author  could  only  say 
in  his  opinion  the  plants  were  most  certainly  not  average.  The 
Author  did  not  say  that  high  figures  could  not  be  obtained,  and  in 
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the  eighty  tests  one  plant  was  giving  80  •!  per  cent  net  working 
efficiency,  another  79*7  per  cent,  and  then  76*1  per  cent,  74*1  per 
cent,  72-1  per  cent,  and  so  on.  Mr.  Bennis  had  subsequently 
given  (page  327)  the  figures  for  a  test  carried  out  on  a  "  Bennis  " 
stoker  installation  at  Formby  Power  Station  showing  an  efficiency 
due  to  boilers,  economiser,  and  superheater  of  81*1  per  cent.  The 
Author  did  not  quite  see  what  was  the  reason  for  giving  these 
figures,  and  Mr.  Bennis  did  not  seem  to  grasp  the  object  of  the 
Paper,  which  was  to  supply  data  relating  to  the  performance  of 
mechanically -fired  boiler-plants  as  worked  under  average  conditions 
in  Great  Britain.  The  Author  had  never  disputed  the  fact  that  it 
was  possible  to  obtain  very  efficient  results  with  mechanical  firing 
such  as  supplied  by  the  Formby  figures  of  Mr.  Bennis.  These  figures, 
however,  called  for  some  comment.  In  the  first  place,  they  were 
obviously  purely  "test"  figures  obtained  under  ideal  conditions, 
and  could  not  be  taken  as  representative  of  all-the-year-round 
working.  A  remarkable  omission  was  the  amount  of  steam  used 
by  the  steam-jets,  which  made  the  figures  almost  valueless.  For  all 
the  Author  knew  to  the  contrary,  20  per  cent  of  the  steam 
produced  might  be  wasted  by  the  jets.  Taking  the  average  figure, 
however,  of  6  •  6  per  cent,  this  would  make  the  real  net  working 
efficiency  of  the  plant  75*7  per  cent  instead  of  81*1  per  cent. 
Another  very  important  point  was  that  the  coal  used  was  of  the 
very  highest,  and  presumably  most  expensive,  quality.  Figures 
like  12,762  B.Th.U.  per  lb.  and  8-2  per  cent  ash  were  to-day 
remarkable,  and  to  most  unfortunate  steam-users  seemed  like  a 
dream.  An  average  for  the  whole  country  was  probably  11,500 
B.Th.U.  and  15  per  cent  ash.  Some  of  the  minor  figures  seemed 
rather  extraordinary.  For  example,  the  temperature  of  the  flue 
gases  leaving  the  boiler  was  one  of  830°  F,,  in  spite  of  the  fact  that 
the  efficiency  of  the  boiler  only  was  no  less  than  about  67  per  cent. 
Also  after  passing  the  economisers  the  flue  gas  temperature  was 
only  350^  F.,  a  drop  of  480°  F.,  and  yet  the  saving  due  to  the 
economibers  was  only  about  12*0  per  cent,  and  the  feed-water  was 
going  into  the  boilers  as  low  as  196^  F. 

It  was  also  stated  that  the  percentage  of  COj  in  the  main  flue 
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was  12-7  per  cent,  and  after  the  gases  had  passed  through  an 
economiser  installation  for  eight  '*  Lancashire "  boilers,  the 
percentage  was  still  12*4  per  cent.  The  brickwork  and  dampers 
must  have  been  in  an  extraordinary  state  of  efficiency  to  obtain 
such  figures,  as  the  porous  nature  of  the  bricks  themselves  would 
almost  result  in  more  loss  than  this. 

29.  Engineering  Census. — Mr.  Reavell  thought  (page  331)  that 
the  Author's  figures  regarding  the  number  of  "  Lancashire  "  boilers 
as  compared  with  water-tube  boilers  were  not  correct,  and  stated 
that  the  power  stations  of  Great  Britain  consumed  7,500,000  tons 
per  annum,  and  90  per  cent  of  this  was  on  water-tube  boilers,  equal 
to  6,750,000  tons.  This  would  correspond  to  about  11-15  per 
cent  of  the  coal  burnt  under  boilers  of  all  kinds  in  Great  Britain. 

Mr.  David  Wilson  had  given  (page  333)  some  very  interesting 
statistics  regarding  the  number  of  boilers  mechanically  fired,  such 
as  42  per  cent  in  the  woollen  industry,  33  per  cent  in  the  cotton 
industry,  and  73  per  cent  in  the  Glasgow  district.  These 
percentages  seemed  to  the  Author  to  be  very  high.  Mr.  "Wilson 
also  stated  that  there  were  in  Great  Britain  about  76,000  boilers, 
of  which  42,000  were  cylindrical. 

30.  The  argument  that  certain  firms  were  installing  Mechanical 
Stokers  and  discarding  Hand  Firing. — A  favourite  argument  with 
advocates  of  mechanical  firing  was  that  many  firms  were  adopting 
it.  Mr.  Wilson  (page  335),  Mr.  Bennis  (page  332),  Mr.  Ainsworth 
(page  345),  and  Mr.  J.  G.  McLean  (page  361)  gave  instances  to 
show  this,  but  statements  of  this  nature  were  no  argument  at  all, 
for  the  simple  reason  that  at  the  same  time  many  firms  were  at  the 
present  moment  scrapping  mechanical  stokers  and  going  back  to 
hand  firing. 

31.  Number  of  Boiler  Plants  re-organized  hy  the  Author. — In 
reply  to  remarks  by  Mr.  Storie  and  Mr.  Erith,  the  firm  with  whom 
the  Author  was  associated  had  reorganized  between  50  and  100 
boiler  plants.  The  savings  obtained  had  averaged  from  15-25  per 
cent  of  the  coal  bill.  In  some  cases  the  figures  had  been  only  about 
10  per  cent,  but  in  quite  a  number  of  instances  figures  of  over 
30  per  cent  and  even  over  35  per  cent  had  been  obtained.     In  a 
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few  cases,  by  burning  refuse  coals  at  collieries  whose  value  was  really 
nil,  the  saving  could  hardly  be  expressed  as  a  percentage  at  all, 
being  over  75  per  cent.  The  efficiency  obtained  on  all  classes  of 
plants  averaged  70-75  per  cent,  but  in  a  few  cases  reached  80  per 
cent,  depending  on  the  conditions. 

32.  Special  remarks  on  Test  77. — Mr.  Erith  stated  (page  317) 
that  this  plant  was  not  in  a  good  condition,  and  too  large  an  excess 
of  air  was  used,  whilst  "  the  remarkable  thing  "  was  that  the  week's 
test  with  more  inferior  coal  was  giving  better  results  than  the  day's 
test  of  eight  hours.  The  Author  simply  tested  the  plant  as  he 
found  it  being  worked  as  usual.  Most  mechanical  stokers  were 
being  run  on  poor  lines,  and  this  was  one  reason  why  the  average 
net  working  efficiency  was  only  about  59  per  cent.  There  was 
nothing  "  remarkable  "  in  a  week's  test  giving  better  results,  even 
with  inferior  coal,  than  a  day's  test,  and  this  often  happened.  For 
example,  the  draught  conditions  might  suit  a  more  inferior  coal 
better  than  one  of  better  quality,  because  the  firemen  were  too 
careless  to  adjust  the  draught  to  suit  the  coal. 

Mr.  Erith  also  stated  that  the  Author  was  in  error  in  taking 
the  steam  used  auxiliary  to  the  production  of  steam  as  10*9  per 
cent  of  the  production,  because  the  exhaust  steam  was  economically 
used  in  the  soda-recovery  plant  of  the  mill.  This  job  was  somewhat 
complicated.  The  stoker  was  of  the  underfeed  coking  type,  with 
mechanically  forced  draught,  and  an  antiquated  arrangement  of 
steam-driven  rams  for  forcing  the  coal  through  the  furnace.  This 
was  the  only  plant  of  the  eighty  tests  using  this  type  of  stoker.  The 
steam  used  by  these  rams  was  very  considerable  in  this  case,  being 
8  •  4  per  cent  of  the  production,  whilst  the  forced  draught  fan  took 
2*5  per  cent  of  the  production,  total  10*9  per  cent.  He  was  under 
the  impression  that  this  steam  was  blown  away  in  the  air,  as  was 
the  usual  custom.  On  recent  investigation  of  this  point,  the 
Author  found  that  the  exhaust  steam  from  the  rams  was  passed 
through  an  exhaust-steam  heater,  and  a  certain  proportion  of  the 
heat  was  recovered,  but  how  much  it  was  impossible  to  say.  The 
real  figure  for  the  steam  consumption  was  probably  therefore  about 
6-7  per  cent  instead  of  10 '9  per  cent,  which  would  bring  up  the 
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figure  for  the  net  working  efficiency  of  the  whole  plant  from  43  •  7 
per  cent  to,  say,  about  45  •  2  per  cent.  It  must  be  remembered, 
however,  that,  even  if  exhaust  steam  from  a  stoker  were  blown 
direct  into  water,  it  did  not  follow  that  the  heat  recovered  was 
useful  heat. 

33.  Statements  thai  the  Author  hud  condemned  Mechanical  Firiny 
as  against  Hand  Firing. — It  would  be  obvious  to  anyone  who  read 
the  Paper  carefully  that  the  Author  had  most  emphatically  not 
entirely  condemned  mechanical  stoking  on  "  Lancashire "  boilers 
as  against  hand  firing,  and  that  the  criticisms  were  not  based  on 
the  facts  as  given  in  the  Paper.  He  had  considered  in  detail  the 
advantages  and  disadvantages  of  mechanical  stoking,  and  his 
conclusion  (pages  293  to  295)  was  that  the  arguments  in  favour 
of  mechanical  stoking  were  exaggerated.  The  chief  advantage  of 
mechanical  stoking  was  the  very  point  that  it  improved  the 
conditions  in  the  fire-hole  and  did  away  with  exhausting  hand 
labour,  particularly  "  cleaning  out."  He  also  stated  in  page  292 
that  "  Mechanical  firing  also  lends  itself  particularly  well  to 
automatic  coal  handling." 

The  Author  was  at  a  loss  to  understand  on  what  ground  these 
criticisms  were  made,  particularly  those  of  Mr.  Erith  (page  317). 
The  question  of  mechanical  firing  as  applied  to  water-tube  boilers 
had  been  deliberately  left  out  of  consideration  for  some  future 
occasion,  so  as  to  keep  the  Paper  within  reasonable  length.  Mr. 
David  Wilson  (page  334)  and  Mr.  E.  R.  Noel  (page  386)  seemed  to 
imply  that  it  was  a  surprising  thing  they  had  actually  discovered 
plants  where  the  Author  had  recommended  mechanical  firing,  and 
Mr.  A.  E.  A,  Edwards  (page  370)  stated  he  believed  he  was  correct 
in  stilting  that  the  Author  had  recommended  mechanical  firing. 

In  reply  he  would  say  that  he  had  not  completely  condemned 
mechanical  firing  and  had  recommended  mechanical  firing  for 
"  Lancashire "  boilers  on  various  occasions  when  the  conditions 
were  suitable. 

34.  The  ^^  Mysterious  "  Methods  of  the  Author. — A  number  of 
speakers  had  stilted  that  the  Author  advocated  mysterious  methods 
only  known  to  himself  for  working  boiler  plants,  the  inference  in 
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some  cases  being  presumably  that  these  methods  were  some  kind 
of  quackery.  He  could  assure  members  in  doubt  on  the  matter 
that  hq  had  nothing  mysterious  "  up  his  sleeve,"  and  had,  so  far  as 
he  knew,  never  done  or  said  anything  to  give  such  an  impression. 
What  he  advocated  was  more  scientific  methods  of  control  of  the 
boiler  plant,  in  brief,  regarding  the  boiler  plant  as  a  little  factory  in 
itself,  whose  raw  product  was  fuel  and  whose  finished  product  was 
steam  at  a  given  temperature  and  pressure.  If  any  factory  were 
run  on  crude  and  rule-of-thumb  lines  without  a  proper  costing 
system  and  methods  of  control,  there  was  bound  to  be  inefficiency. 
Yet  the  great  majority  of  the  boiler  plants  of  Great  Britain  were 
run  on  these  lines,  and  engineers  were  surprised  when  the  net 
working  efficiency  was  only  60  per  cent. 

Scientific  methods  of  control  consisted,  for  one  thing,  of  a 
complete  system  of  record  taking,  that  is,  the  installation  and 
proper  use  of  recording  instruments,  such  as  water-meters,  steam- 
meters,  combustion  recorders,  coal-weighing  machines,  pyrometers, 
and  so  on,  depending  on  the  size  and  conditions  of  the  plant. 
Secondly,  it  consisted  in  bringing  the  plant  up-to-date  in  its  general 
design,  particularly  as  regards  grate  area  and  air  space  in  the 
furnace,  method  of  firing,  amount  of  draught,  feed-water  treatment, 
tight  brickwork,  efficient  boiler  and  pipe  covering,  superheating, 
economisers,  and  feed-water  heaters,  etc.  It  was  also  necessary 
to  have  experience,  especially  under  varying  conditions,  of  steam 
generation,  and  like  everything  else,  personal  ability  played  a  large 
part  in  the  matter.  In  short,  it  was  nothing  more  mysterious  than, 
what  might  be  termed  essentially  the  application  of  common  sense, 
and  this  seemed  to  be  sadly  lacking  in  connexion  with  the  running 
of  boiler  plants,  and  especially  with  regard  to  the  installation  of 
mechanical  stokers.  Mr.  A.  E.  A.  Edwards  remarked  (page  367)  that 
the  "  observance  of  simple  and  well-known  rules  would  lead  to 
remarkable  improvement  in  boiler  running  very  frequently."  This 
was  quite  correct,  and  very  substantial  improvements  could 
be  made  by  almost  any  intelligent  engineer.  As  stated  by 
Mr.  Wollaston  and  Mr.  Edwards,  such  methods  had  been 
carried    out    by    a    few    individual    firms,   and   Mr.    J.   Geldard 
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(page  357)  was  quite  right  in  stating  that  they  had  been  known 
for  twenty  yeai*s. 

35.  Certain  other  Personal  Matters. — Mr.  David  Wilson  stated 
(page  334)  that  the  Author  had  recommended  "  Lancashire " 
boilers  niechaniciUly  fired  at  a  large  dyeworks  in  London,  who  were 
entirely  satisfied  with  the  plant,  except  that  the  type  of  stoker 
recommended  by  the  Author  had  been  discarded  and  another  type 
installed.  This  happened  to  be  entirely  incorrect.  The  facts  were  as 
follows  :  When  the  Author  was  called  in  on  this  particular  plant, 
there  were  already  four  "  Lancashire  "  boilers  with  three  "  coking  " 
stokers  and  one  "  sprinkling  "  stoker,  chiefly  to  prevent  smoke,  and  the 
stokers  were  worked  very  well.  The  Author  left  the  boilers  and 
stokers  alone,  but  installed  additional  plant  and  instruments  and 
reduced  the  coal  bill  15  per  cent.  The  firm  themselves  subsequently 
changed  the  one  "sprinkling"  stoker  for  the  same  make  of  "coking" 
stoker  as  the  other  three.  The  Author  therefore  did  not,  as  stated 
by  Mr.  Wilson,  recommend  "  Lancashire  "  boilers  and  mechanical 
firing  on  this  plant  as  these  were  already  installed,  and  he  never 
advised  the  firm  to  change  the  stokers  for  another  make.  The 
Author  subsequently  enlarged  and  reorganized  another  "  Lancashire  " 
boiler  plant  hand-fired  in  the  same  works,  put  down  additional 
"  Lancashire  "  boilers,  retaining  hand  firing,  but  using  coke  as  fuel 
instead  of  coal.  The  results  obtained  were  very  good,  and  on  the 
whole  better  than  the  mechanically-fired  coal  plant. 

Mr.  Patchell  stated  (page  337)  that  the  Author  was  a  chemist 
and  must  not  be  attacked  as  though  he  were  an  engineer,  and  that 
because  he  was  a  chemist  he  attached  too  much  importance  to 
CO2.  Mr.  PatcheU,  quite  unconsciously,  has  perhaps  rather  given  the 
impression  that  the  Author  was  merely  an  analytical  chemist,  whose 
chief  interest  was  the  analysis  of  flue-gases.  He  would  like  to  say 
in  reply  that  he  claimed  to  have  had  many  years'  experience  of 
both  mechanical  and  electrical  engineering,  and  that  he  was  really  a 
chemical  engineer.  His  attention  was  attracted  to  steam  generation 
and  boiler  plant  work  twelve  or  fourteen  years  ago,  and  found  this 
to  be  practically  a  fresh  field  because  it  covered  both  chemistry  and 
engineering,  and   had  generally  been   neglected   by  the   technical 
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chemist  on  the  one  hand  and  the  engineer  on  the  other.  The 
Author  was  sure  that  Mr.  Patchell  would  allow  him  to  take  a 
humble  position  in  the  ranks  of  the  mechanical,  and  even  also  the 
electrical,  engineer,  especially  as  during  the  last  ten  years  or  so  he  had 
examined  about  2,000  boiler  plants,  made  a  complete  investigation  of 
nearly  500,  reorganized  and  brought  up-to-date  say  100,  designed 
many  new  boiler  and  power  plants,  and  advised  on  numerous  problems 
in  engineering,  especially  steam-pipe  designs,  drives,  "pass-out" 
installations,  conversion  to  electric  drives,  installation  of  new  engines 
and  so  on.  He  did  not  in  any  way  attach  undue  importance  to  COj, 
and  it  was  rather  the  mechanical  engineer  who  seemed  to  fall  into 
this  error. 

Mr.  J.  W.  Ainsworth  assumed  (page  350)  that  "  The  tests  in 
question  were  taken  by  the  A.uthor  at  the  instigation  of  various 
steam- users  who  were  attracted  by  his  suggested  saving  of  30—40  per 
cent  of  the  fuel  bill."  The  Author  did  not  know  on  what  grounds 
this  assumption  was  made,  as  it  was  entirely  without  foundation.  His 
firm  had  always  stated  that  the  average  saving  to  be  obtained  was 
15-25  per  cent  of  the  coal  biU,  whilst  in  certain  rare  cases  the  figure 
was  10  per  cent  or  less  and  30  per  cent  or  over.  The  general  figure  of 
30-40  per  cent  had  never  been  mentioned,  although  it  was  possible 
in  some  cases,  and  had  been  obtained  by  the  Author. 

36.  General. — Mr.  Erith  remarked  (page  317)  that  the  Author's 
opening  resume  was  very  difierent  from  what  was  contained  in  the 
Paper.  The  Author  was  of  the  opinion  that  that  was  not  so,  in 
which  he  was  confirmed  by  the  President's  introductory  speech. 

Mr.  Bennis  remarked  (page  322)  that  the  description  of  the 
Juckes  grate  had  no  relation  to  the  Paper,  and  a  "  coking  "  stoker 
did  not  work  like  a  chain-grate  stoker.  The  Author's  answer  to 
this  was  that  the  definition  of  "  coking  "  as  applied  to  a  stoker  was 
always  understood  to  mean  the  principle  of  this  action  (as  described 
on  page  267)  as  opposed  to  "  sprinkling."  The  movement  of  the 
bars  had  nothing  to  do  with  the  definition  of  "coking,"  and  a 
chain-grate  stoker  was  just  as  much  a  coking  stoker  as  any  machine 
using  reciprocating  bars.  Mr.  Bennis  also  remarked  (page  323) 
that  the  Author's  deductions  regarding  high-pressure  steam  was 
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wrong,  and  that  the  generation  of  high-pressure  steam  was  not  a 
help  to  obtaining  good  results  with  mechanical  stoking.  Mr. 
liennis  had  misread  the  Paper  on  this  point,  as  the  Author  had  never 
made  such  a  statement  (see  pages  273-4).  It  was  most  definitely 
stated  in  the  Paper  that,  in  connexion  with  the  generation  of 
steam,  the  pressure  was  of  little  importance.  The  higher  pressure  of 
the  mechanically  fired  plants  simply  indicated  that  the  plants  were 
newer  and  likely  to  be  in  better  condition,  as  compared  with  the 
hand-fired  plants,  and  in  this  slight  degree  the  advantage  was  on 
the  side  of  mechanical  firing. 

^Ir.  Arthur  Spyer  said  (page  335)  the  Author  had  cai-efuUy 
constructed  a  trench  in  front  of  himself'  by  limiting  himself  to 
"  Lancashire  "  boilers  only.  This  was  a  matter  of  opinion,  but  he 
rather  thought  from  some  of  the  criticisms  oflfered  that  he  (the 
Author),  to  use  Mr.  Spyer's  analogical  language,  instead  of 
constructing  a  trench,  had  "  gone  over  the  top." 

Mr.  William  Ingham  (Manchester)  raised  an  important  point 
(page  353)  which  was  quite  correct,  namely,  that  much  credit  was 
often  given  to  appliances  that  were  put  on  a  boiler  plant,  when  the 
advantages  gained  were  not  due  to  the  appliances  at  all.  This 
applied  with  very  strong  emphasis  to  mechanical  stoking.  The 
Author  had  seen  many  results  obtained  with  mechanical  stoking  on 
particularly  bad  plants  where  15  or  20  per  cent  economy  was 
effected,  but  which  economy  was  not  due  to  the  stokers  at  all. 
It  was  due  to  the  fact  that  the  mechanical  stoker  firm  had  repaired 
the  leaky  brickwork  and  done  various  things,  which  would  lip.ve 
saved  15-20  per  cent  with  hand  firing  if  the  mechanical  stokers 
had  never  been  installed. 

Mr.  J.  G.  McLean  advanced  (page  360)  as  an  argument  for 
mechanical  firing  that  a  man  of  medium  stature  could  not  easily 
fire  and  clean  out  a  large  "  Lancashire  "  boiler.  The  Author  did  not 
see  the  point  of  this,  as  all  that  was  necessary  was  to  raise  the  firing 
floor  a  little.  Boilers  of  even  10  feet  diameter  were  being  hand- 
fired  to-day  without  any  difficulty. 

In  reply  to  the  jjoint  raised  by  Mr.  Adamson  (page  343), 
of   course  in  testing    boiler  plants  it  was   understood    that   there 
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was  no  water  leaking  away  from  the  blow-off  valves  at  the  bottom 
of  the  boilers.  In  testing  a  boiler  plant  the  greatest  care  was 
necessary  to  watch  that  there  was  no  leakage  of  this  kind,  which 
would  obviously  be  measured  as  steam  produced  by  the  plant.  He 
had  known  many  cases  where  firemen  had  been  paid  a  bonus  on  the 
evaporation,  and  where  they  had  deliberately  opened  the  blow-down 
valves  and  increased  the  "  evaporation  "  in  this  way,  but  he  could 
assure  them  this  was  not  done  when  he  was  testing  the  plant, 

Mr.  J.  G.  McLean  said  that  the  fact  that  mechanical  stokers 
would  not  burn  lump  coal  was  no  disadvantage,  as  all  that  was 
necessary  was  to  crush  it.  The  Author  could  only  state  in  reply 
that  if  they  started  to  crush  say  200  or  300  tons  a  week  they  would 
have  to  start  a  fresh  department  in  the  factory,  and  this  was  not 
much  of  an  argument  in  favour  of  mechanical  stoking.  Mr. 
McLean  also  remarked  that  hand-firing  was  a  thing  of  the  past. 
The  Author  did  not  know  exactly  what  was  meant  by  this  statement, 
because  as  far  as  he  could  ascertain  from  his  travels,  about  75 
per  cent  of  the  "  Lancashire  "  boilers  of  the  country  were  still 
hand-fired,  so  that  hand-firing  was  hardly  a  thing  of  the  past. 

Mr.  William  Mills  (page  362)  said  the  Paper  amounted  almost  to 
a  national  indictment  against  engineers  in  charge  of  boilers.  The 
Author  did  not  agree  with  this  at  all,  and  thought  that  as  a  rule 
the  engineer  in  charge  was  not  encouraged  or  assisted  to  get  good 
results.  If  the  Paper  were  regarded  as  an  "  indictment,"  then  the 
object  of  it  was  our  general  lack  of  scientific  methods  in  industry, 
and  the  steadfast  refusal  to  pay  for  brains.  Great  Britain  was 
probably  the  worst  country  in  the  world  in  which  to  sell  brains,  and 
if  the  War  had  not  finally  altered  this  national  characteristic  then 
the  outlook  was  very  gloomy  for  our  industrial  future.  Mr.  E.  R. 
Noel  remarked  (page  387)  that  the  figures  would  do  this  country 
no  good  abroad.  The  argument  applied  to  aU  research  work  and  all 
new  inventions  and  discoveries.  In  any  case  Great  Britain  was 
probably  just  as  efficient  as  regards  steam  generation  as  any  other 
country,  and  scientific  methods  of  steam  generation  seemed  to  have 
been  neglected  throughout  the  world. 

In  reply  to  Mr.  Norman  A.  Grandage  (page  380)  the  Author 
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regretted  he  was  not  able  to  give  any  very  definite  figures  as  to  the 
amount  of  loss  caused  by  scale  in  boilers,  and  reliable  data  on  this 
point  was  certjiinly  wanted.  The  "  banking  up  "  losses  mentioned  by 
Mr.  Milner  Hurd  (page  381)  were  included  in  the  week's  tests,  and 
this  was  the  chief  reason  why  such  a  test  was  always  carried  out. 
The  Author  was  not  able  to  give  the  exact  amount  of  loss  due 
to  this. 
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LECTURE 
By  CHARLES  C.  CARPENTER,  D.Sc,  op  London,  Member. 

AT   THE   GRADUATES'   MEETING, 
Monday,  9th  February  1920. 


Captain  H.  Riall  Sankey,  C.B.,  R.E.,  ket.,  President-Eled, 
in  the  Chair. 


When  your  Institution  did  me  the  honour  of  inviting  a  Lecture 
from  me  on  the  subject  of  "  Fuels  "  my  mind  rapidly  passed  in 
review  a  great  number  of  standpoints  from  which  such  a  subject 
could  be  discussed.  The  theme  is  capable  of  almost  limitless 
variations,  some  dry  as  dust,  and  others  full  of  interest.  I  hp,ve 
chosen  for  this  evening's  task  an  aspect  unfamiliar  to  the  majority 
of  young  engineers,  but  which,  although  the  days  of  my  own 
pupilage  grow  increasingly  remote,  appears  to  me  of  continually 
increasing  importance.  For  this  reason  I  take  as  the  subtitle  of 
my  address,  "  The  importance  of  associating  Chemical  Science  with 
the  consideration  of  the  problems  arising  out  of  the  conversion  of 
Fuel  into  Energy." 

At  the  head  of  the  main  staircase  of  the  neighbouring  building, 
dedicated,  like  this  one,  to  the  furtherance  of  the  profession  with 
which  we  are  associated,  there  is  a  window  of  stained  glass.  On  it 
have  been  depicted  some  of  the  triumphs  of  mechanical  science,  from 
Watt's  condensing  beam-engine,  with  its  sun-and-planet  motions 
for  converting  angular  into  rotary  motions,  to  the  magnificent 
cantilevers  of  the  Forth  Bridge  with  which  the  names  of  Baker  and  of 
Arrol  will  ever  be  associated.  I  imagine  those  transparencies  were 
placed  there  not  only  to  commemorate  the  glories  of  past  creations, 
but  to  inspire  others  in  the  future.  If,  however,  they  are  closely 
and  critically  inspected,  they  will  reveal  themselves  full  of  defects 
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of  a  very  unengineering  character.  The  planetary  track  of  Watt's 
motion,  so  far  from  evincing  the  carefully  designed  rhythmic 
sequence  of  accurately  formed  teeth  radiating  e(iually  from  a 
common  centre,  which  we  know  it  to  have  been,  is  discovered  to  be 
an  imperfect  circle  with  a  still  more  imperfect  serrated  edge.  The 
struts  of  the  mighty  cantilevers  which  impress  one  with  so  great  a 
sense  of  awe  and  majesty,  appear  for  all  the  world  like  painted 
laths  which  could  never  have  been  constructed  by  the  riveting 
together  of  plates  of  steel.  In  other  words,  while  the  transparencies 
give  a  general  picture  of  the  objects  they  are  intended  to  portray, 
they  have  not  the  accuracy  of  detail  associated  with  the  productions 
of  the  drawing-office.  Now  I  must  warn  you  to  so  regard  the 
verbal  pictures  I  shall  endeavour  to  place  before  you  in  this  Lecture. 
They  are  only  correct  in  the  general  sense  of  conveying  and 
forming  impressions,  and  are  not  intended  to  be  accurate  in  detail. 

The  psychology  of  the  chemist  watching  a  furnace  consuming 
raw  coal  would  probably  be  something  akin  to  that  of  a  doctor 
watching  a  patient  taking  pickles  with  his  bread  and  milk.  In  the 
same  way  that  the  science  of  medicine  inculcates  respect  for  the 
food  we  put  into  our  stomachs,  so  also  does  that  of  chemistry  teach 
respect  for  the  fuel  we  put  into  our  furnaces.  Chemical  knowledge 
is  essential  to  our  understanding  of  the  resultant  happenings,  and 
it  is  to  this  chemical  knowledge,  and  to  this  alone,  that  we  must 
turn  for  an  elucidation  of  the  actions  and  reactions  taking  place. 

Imagine  Science  as  a  sphere  of  infinite  size,  from  the 
dimensionless  centre  of  which  all  inquirers  start  upon  their  quest 
seeking  a  solution  of  the  problem  "  What  is  Matter  ? " — the 
chemist,  like  the  rest.  To  him  the  atom  is  the  beginning,  the  unit 
particle  of  matter.  He  pictures  these  arranging  themselves  in  an 
enormously  great  variety  of  combinations  producing  thereby 
molecules  which  are  in  themselves  his  conception  of  matter  from 
a  chemical  standpoint.  Now  these  various  combinations  or 
arrangements  of  matter  are  so  constituted  as  to  possess  different 
qualities  or  characteristics.  They  are  known  and  are  peculiar  to 
each  particular  molecule.  Let  me  try  and  make  clear  my  meaning 
by  an  example.  The  well-known  instrument  called  the  gramophone 
consists  essentially  of  a  disk  lightly  held  in  a  sound-box,  which  is 
carried  by  the  small  end  of  a  taper  tube,  the  other  end  of  which 
terminates  in  an  amplifying  horn.  The  needle  which  travels  in 
the  groove  of  the  "record  "  is  connected  with  and  communicates  its 
motion  to  the  disk,  the  vibrations  of  which  set  up  undulations  in 
the  air,  and  thus  conveys  to  the  ear  the  impression  we  know  as 
sound.  These  waves  not  only  vary  in  pitch  but  in  quality,  the 
latter  feature  enabling  us  to  distinguish,  for  instance,  whether  the 
singer  of  the  same  song  is  Harry  Lauder  or  George  Robey.  But 
the  entire  range  of  sounds  which  the  instrument  produces  have 
their   origin  simply  in  the  vibration  of  air,  and  in  nothing  else. 
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The  variety  of  sounds  produced,  however,  is  dependent  upon 
questions  of  over-tone,  harmonics,  etc.,  and  the  results  of  the 
combination  of  these  effects  gives  the  special  characteristics  to  each 
note.  So,  too,  the  special  combinations  in  which  the  molecules 
of  matter  arrange  themselves  give  distinctive  characteristics  to  the 
substances  they  form. 

Of  all  the  elemental  substances  which  go  to  make  up  so  much  of  the 
body  and  envelope  of  this  globe  with  which  we  are  acquainted,  the 
element  carbon  is  the  most  important.  An  atom  of  it  is  represented 
by  the  letter  "  C,"  and  its  characteristic  feature  is  that  it  possesses 
four  arms  or  tentacles  (links  or  bonds  the  chemist  calls  them)  by 
which  it  attaches  itself  to  other  atoms,  and  so  forms  molecules. 
How  large,  you  will  ask,  is  this  chemical  quadruped  ?  Perhaps  the 
answer  is  best  given  in  the  term  used  by  a  well-known  physicist : 
"  There  are  more  atoms  in  a  thimbleful  of  water  than  there  are 
thimblefuls  of  water  in  the  oceans  of  the  globe."  The  carbon  atom 
is  not,  however,  called  quadruped,  but  tetravalent,  from  tetra  =  four, 
and  valens  =  equal  to.  Closely  allied  to  carbon  in  importance  are 
three  other  elements,  namely,  hydrogen,  with  one  tentacle,  oxygen, 
with  two,  and  nitrogen  with  three,  called  respectively,  monovalent, 
divalent,  and  trivalent.     We  may  picture  them  graphically  thus : — 


H—  —0—  N=  --C 


Typical  compounds  formed  by  these  are : — 

/H 
N  —  H     NH3  Ammonia. 
\H 

H  —  0  —  H     H2O  Water. 

H 

I 
H  —  C  —  H     CH4  Methane. 

i 
H 

H  -  C  E  N     HON  Hydrocyanic  acid. 

Now  there  are  other  monovalent  elements  besides  hydrogen — 
chlorine,  for  instance.  Let  us  take  our  picture  of  the  methane 
molecule  and  see  what  we  can  do  with  it.  We  can  unhook  twq 
hydrogen  atoms  and  hook  on  two  chlorine  atoms. 
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H 

I  We  shall  tbon  have  CII0CI2 

CI  — 0  — H  or 

I  (lichlormothane. 

CI 

If  we  substitute  three  atoms  of  chlorine  for  three  hydrogen 
pnes  we  get : — 

H 

I  Triclilormethane 

CI  —  C  —  CI  or 

j  chloroforin,  CIICI3. 

CI 

And  if  we  unhook  all  the  hydrogen  atoms  and  substitute  four 
atoms  of  chlorine  we  shall  get  tetrachlormethane,  a  liquid  largely 
used  as  a  solvent : — 

CI 

I 
C1_C  — CI    CCI4. 

I 

CI 

Let  us  now  return  to  our  oiiginal  molecule  of  methane  and 
picture  what  is  the  state  of  things  after  having  unhooked  one  of 
the  hydrogen  atoms  and  before  something  else  is  substituted  for  it. 
We  shall  then  have  the  molecule  of  the  methyl  group : — 

H 

I 
H  — C  — H    CH3 

I 

methyl  being  the  name  of  the  root,  or  radical  as  it  is  called,  and 
from  which  methane  itself  has  been  constructed.  From  this  root 
or  radical,  which  has  no  separate  existence  itself,  but  occurs  only  in 
combination,  grows  a  series  of  compounds  of  which  methane  is  the 
simplest,  and  which  are  known  as  hydro-carbons  of  the  methane 
group. 

First  let  us  see  how  this  building  up  is  accomplished.  We  will 
take  our  methyl  radical,  with  its  unsatisfied  tentacle  protruding 
from  the  carbon  atom,  and  hang  thereto  another  carbon  atom, 
thus : — 

H 

I 
H  —  C  —  H 

I 
—  C  — 
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If  we  then  hang  on  three  hydrogen  atoms  to  satisfy  the  hungry 

tentacles  of  the  cai'bon  atom  we  shall  have  : — 

H 

I 
H  — C  — H 

I 
H  — C  — H 

I 
H  — C  — H 

I 
H 

This  compound  is  the  hydrocarbon  propane,  CgHg. 
Similarly  butane  And  then  pentane 

H 
H  I 


H  — C  — H 

I 
H  — (j  — H 

H  —  C  —  H     C^Hj^Q. 

H  —  C  —  H 

I 
H 


H  — C  — H 

I 
H  — C  — H 

I 
H  —  C  —  H     C5H12 

I 
H  — C  — H 

I 
H  — C  — H 

I 
H 


and  so  on  over  a  very  wide  range. 

There  is  an  interesting  characteristic  of  this  series  of 
hydrocarbons  to  which  I  must  allude.  Starting  from  the  first 
compound,  methane,  which  is  also  the  simplest,  the  first  four 
hydrocarbons  of  the  series  are  gases.  When  the  fifth,  pentane,  is 
reached,  the  molecule  becomes  more  complex  and  condenses  to  a 
liquid,  and  after  nonadecane  C19H40  is  reached,  the  complexity 
and  condensation  becomes  still  greater,  with  the  result  that  the 
remaining  members  of  the  series  are  solids.  The  first  two  physical 
conditions  of  the  gaseous  and  liquid  states  are  easily  imagined. 
The  quality  of  solids  is  much  more  diverse,  and  I  would  like  you  to 
picture  these  particular  ones  as  being  of  the  nature  of  waxes.  One 
other  attribute  of  the  carbon  atom  must  be  mentioned.  In  the 
formulae  I  have  drawn  you  will  have  noticed  that  carbon  atoms  are 
joined  to  one  another  by  one  link.  In  another  series  these  bonds 
are  doubled.     Such,  for  instance,  is  ethylene  CgH^ : — 

H  — C  — H 

li 
H  — 0— H 
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In  another  series  these  bonds  come  into  play  as  between  the 
carbon  atoms,  of  which  acetylene  CoH.j  is  typical,  and  is  expressed 
thus : — 

C  — H 

III 

C  — H 

Before  we  conclude  our  brief  visit  to  the  workshop  of  the 
organic  chemist,  I  want  to  show  you  one  other  of  his  products, 
perhaps  the  most  famous,  namely,  benzene  CgHg.  The  number  of 
atoms  of  carbon  and  hydrogen  contained  in  the  molecule  were 
known  long  before  its  picture,  the  conception  of  which  we  owe  to 
Kekult',  and  is  as  follows  : — 

H 

C 

H— C        C— H 

I  II 

H— C        C— H 

%/ 
G 

I 
H 

If  the  hydrogen  atom  at  the  top  of  the  picture  is  unhooked,  and  the 
methyl  radical  CH3  {see  ante)  substituted,  we  then  have  toluene.  Both 
these  hydrocarbons  played  a  most  important  part  in  the  production 
of  explosive  compounds  during  the  late  War,  but  it  is  certain  that 
advantage  could  never  have  been  exploited,  had  not  the  composition 
to  these  hydrocarbons  been  familiar  in  the  sense  I  have  described 
of  chemists  working  upon  them. 

Having  got  so  far,  let  us  see  if  we  can  apply  our  knowledge  to 
a  consideration  of  coal.  Owing  to  the  great  complexity  of  its 
composition,  the  chemist  can  form  but  a  very  imperfect  picture  of 
the  molecules  forming  it.  His  clear  vision  begins  when  these 
molecules  are  simplified  by  passing  through  some  such  process  as 
carbonizjition,  distillation,  or  even  combustion.  You  have  already 
in  your  minds  a  conception  of  those  various  series  of  hydrocarbons 
to  which  I  have  referred  growing  in  complexity  until  they  appear 
as  waxes.  Carry  that  conception  a  little  further  and  assume  as  a 
working  hypothesis  that  coal  is  a  conglomeration  of  all  those  waxes, 
and  we  shall  have  taken  our  first  step  towards  an  appreciation  of 
the  difiiculties  inseparable  from  its  combustion  in  its  ordinary 
condition  of  the  solid  state.  When  we  speak  of  combustion  we 
mean  the  act  of  union  or  combination  of  two  or  more  molecules, 
one  being  oxygen,  which  plays  the  important  and  essential  role.     If 


FUELS.  435 

we  take  our  typical  hydrocarbon,  methane  gas,  and  add  oxygen  in 
the  proportion  of  two  molecules  to  each  molecule  of  it,  and  then  fire 
the  mixture  by  a  spark,  its  component  carbon  and  hydrogen  will 
be  oxydized  or  combusted,  giving  us  in  the  one  case  hydrogen 
monoxide,  or  water,  and  carbon  dioxide,  or  carbonic  acid  COj. 

CH4  +  20.  =  2H2O  +  CO2. 

Perfect  combustion  is  realized  when  there  is  neither  surplus  nor 
deficiency  of  the  oxydizing  agent ;  in  other  words,  when  the  whole 
of  the  energy  of  the  hydrocarbon  is  the  product  of  the  combustion, 
or  when  no  carbon,  nor  hydrogen,  nor  oxygen  exists  uncombined  in 
the  resultant  product.  Or,  in  other  words,  all  the  energy  of  the 
combustibles  has  been  evolved  undiluted  by  a  surplus  of  the 
oxydizer  reducing  the  resultant  thermal  concentration.  Such 
conditions  are  most  easily  achieved  where  the  combustible  is 
gaseous,  because  the  flow  or  volume  of  the  respective  streams  of 
hydrocarbon  and  oxydizer  (or  air)  can  be  easily  regulated  and 
adjusted.  Analysis  from  time  to  time  of  the  combustion  products 
affords  an  easy  running  guide  to  the  maintenance  of  the  correct 
proportion. 

If  the  combustible  is  methane,  one  volume  requires  two  volumes 
of  oxygen,  the  equation  being  :^ 

CH4  +  2O2  =  CO2  +  2H2O. 

This  combustion  is  an  exceedingly  simple  process.  When  to  the 
enflamed  gas  air  is  conducted,  its  oxygen  molecules  rush  to  bring 
about  their  combination,  some  attracting  and  linking  themselves  to 
the  carbon,  others  to  the  hydrogen.  So  i-apid  is  this  rush  that, 
although  in  all  probability  there  are  intermediate  combinations 
formed,  these  have  eluded  all  attempts  to  catch  or  identify  them  in 
their  flight  towards  their  final  union. 

When  we  pass  from  a  consideration  of  the  combustion  of  gaseous 
to  that  of  liquid  hydrocarbons,  which  you  will  remember  was  the 
middle  stage  in  our  series,  the  process  is  of  a  diflferent  character, 
owing  to  the  greater  complexity  in  the  composition  of  the  molecules. 
As  a  preliminary,  the  liquid  fuel  is  vaporized  or  sprayed.  In  the 
latter  case  it  passes  through  the  vapour  stage  before  combustion, 
since  the  ignition  temperature  is  above  the  boiling  point.  Having 
thus  converted  these  hydrocarbons  into  vapour,  a  great  many  of 
them  are  unable  to  exist  at  the  flame  temperature  to  which  they 
are  exposed.  They  therefore  break  down  into  less  complex  bodies 
by  the  process  known  commercially  as  "  cracking,"  becoming  more 
stable  substances  with  evolution  of  gas. 

These  substances  must  be  raised  to  the  temperature  of  ignition 
before   combustion   can    take   place.     The   operation   of    cracking 
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jmsses  tlirough  various  stages  as,  step  by  step,  the  original  molecules 
are  degraded  in  composition  until  ignition  temperature  is  reached 
and  the  mixture  flashes  into  flame.  It  will  be  obvious  that  the 
supply  of  oxygen  in  exact  proportions  needed  for  a  combustion  of 
this  complex  kind  is  a  matter  of  great  importance,  and  that  there 
are  considerable  possibilities  of  it  being  incomplete  in  practice, 
with  the  consequent  deposition  of  carbon  or  soot. 

There  is  another  not  less  importjint  distinction  between  gaseous 
and  liquid  fuels,  or  hydrocarbons,  namely,  in  the  relative  space 
occupied  by  them.  Since,  in  the  latter  cixse,  the  molecular 
concentration  is  greater,  combustion  takes  place  within  smaller 
limits,  and  therefore,  higher  temperatures  are  attained. 

I  asked  you  a  little  while  ago  to  take,  as  a  hypothetical  basis  for 
the  constitution  of  coal,  the  assumption  that  it  was  a  sort  of 
conglomeration  of  those  waxes  which  constitute  the  more  complex 
ends  of  the  various  series  of  hydrocarbons,  of  which  the  methyl 
group  was  taken  as  an  example.  You  are  now  in  a  position 
to  realize  the  complicated  happenings  when  raw  coal  is  thrown  on 
to  a  furnace.  Some  of  the  waxes  are  slowly  melting,  others  rapidly 
distilled,  some  carbonized,  some  burnt,  an  innumerable  variety  of 
operations  going  on  at  the  same  time  and  under  all  sorts  of 
conditions.  No  wonder  the  chemist  shudders  when  he  stands  before 
the  glowing  English  fire-place.  On  the  industrial  scale  these  evils 
can  be  palliated  by  finely  grinding  the  coal  and  either  blowing  it 
into  the  furnace  with  an  air-blast,  or  mixing  it  with  a  fuel  already 
liquid.  Combustion  under  these  conditions  applies  some  of  the 
advantages  of  the  liquid  to  the  solid  state.  But  the  great 
disadvantage  must  ever  be  present,  namely,  that  the  coal  is 
completely  broken  down  to  its  final  products  of  CO2,  HjO,  SO2,  and 
N,  with  a  complete  inability  to  obtain  any  of  those  valuable 
hydrocarbons  to  which  reference  has  been  made. 

In  order  to  use  coal  in  a  rational  manner,  it  must  undergo  a 
preliminary  treatment.  If  enclosed  in  a  sealed  vessel  and  heated 
externally  it  begins  to  give  ofl'  condensable  oil  at  a  temperature  of 
300^  C.  (572°  F.).  At  400°  C.  (752°  F.)  the  oil  yield  increases  and 
is  accompanied  by  some  gas.  With  each  increasing  degree  of  heat 
applied  changes  take  place  in  the  reactions,  until  at  500°  to 
600'  C.  (932°  to  1,112°  F.)  from  one  ton  of  coal  will  be  drawn  off' 
5,000  to  6,000  cubic  feet  of  rich  gas,  some  ammonia,  and  18  to  22 
gallons  of  light  tar  which  on  further  distillation  yields  motor  spirit, 
burning  and  lubricating  oils,  and  a  residual  of  coke.  This  process, 
which  usually  goes  by  the  name  of  low  temperature  carbonizing,  is 
one  much  favoured  by  fuel  economists  desiring  to  replace  by 
rational  methods  the  wasteful  and  extravagant  processes  of  industrial 
and  domestic  heating.  Although  great  efforts  have  been  expended 
to  make  the  process  a  commercial  success,  it  is  not  yet  certain  that 
stage  has  been  reached.     Much  depends  upon  the  national  policy  in 
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regard  to  fuel  supplies.  If,  for  instance,  the  use  of  raw  coal  were 
forbidden,  the  production  of  artificial  fuels,  whether  solid,  liquid,  or 
gaseous,  would  be  greatly  stimulated.  The  inherent  difficulty  of 
low-temperature  processes  appears  to  be  the  friability  of  the  coke 
residues.  The  Fuel  Research  Station  at  East  Greenwich  will  be 
looked  to  for  instructive  guidance  in  this  problem  of  far-reaching 
importance. 

When  we  increase  the  temperature  of  our  coal-containing  vessel 
to  l,000no  1,100°  C.  (1,832°  to  2,012°  F.),  we  arrive  at  the  process 
of  carbonization  normally  practized  at  gasworks.  By  the  kind 
permission  of  Mr.  W.  J.  A.  Butterfield,  one  of  the  Metropolitan 
Gas  Referees,  I  have  circulated  a  statement  which  shows  the 
resultant  products  when  coal  is  so  treated,  that  is,  under  what 
is  known  as  high-temperature  conditions  in  fire-clay  retorts. 
Gasworks  practice  aims  at  achieving  middle  values.  At  lower 
temperatures  more  oils  and  less  gas  would  be  produced,  and  at  the 
other  end  of  the  scale  one  might  imagine  large  volumes  of  poor  gas, 
mainly  hydrogen,  while  the  carbon  would  be  deposited  in  the 
retorts,  or  deposited  in  the  tar  which  would  be  worthless  for 
distillation.  When  I  tell  you  that  as  the  result  of  the  gasworks 
process  as  much  as  80  per  cent  of  the  original  energy  of  the  coal 
appears  in  the  by-products,  you  will  realize  its  great  industrial 
importance.  Unfortunately,  of  the  189,000,000  tons  used  annually 
in  the  Kingdom,  only  30,000,000  tons  were  treated  for  by-product 
recovery  in  1913  (this  condition  of  afi'airs  is  slightly  improved 
to-day).  In  addition  to  this  we  exported  another  74,000,000  tons, 
in  the  raw  condition.  We  may  well  ask  whether  a  large  proportion 
of  this  should  not  have  been  treated  at  home,  and  the  by-products, 
coke  included,  exported  to  the  foreign  users. 

If,  in  the  imperfect  picture  I  have  given  you  of  the  chemist's 
attitude  to  fuel  problems,  the  outlines  are  blurred  and  hazy,  the 
story  I  have  wanted  to  tell  is  a  very  clear  one.  Differences  will,  I 
think,  ever  characterize  the  mental  attributes  of  engineers  and 
chemists,  just  as  is  the  case  between  two  great  Nations.  We  all 
remember  the  average  schoolboy's  attitude  towards  "  Frenchy." 
Yet  to-day  even  a  schoolboy  has  unbounded  admiration  and  respect 
for  the  great  ally  who  has  fought  so  bravely  and  won  so  nobly. 
I  am  afraid  the  average  young  engineer  too  often  regards  the 
chemist  as  a  sort  of  "  Frenchy."  Instead  of  which,  he  should  be 
looked  upon  as  his  indispensable  aUy.  Fundamental  diflferences  of 
temperament  there  will  always  be,  but  the  engineer  should 
endeavour  to  glean  understanding  of  the  chemist's  inspirations  by 
learning  at  least  something  of  the  language  in  which  he  expresses 
them. 


Note. — I  desire  to  express  my  deep  obligations  to  Mr.  E.  V. 
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Evans,  who,  at  short  notice,  took  the  position  I  had  been  forbidden 
to  occupy  on  medicjvl  advice.  The  Lecture,  as  prepared,  was 
intended  for  the  framework  only  of  what  it  had  been  my  intention 
to  deliver,  and  I  regret  that  through  an  unavoidable  cause  I  was 
unable  to  carry  out  my  intention  of  using  it  as  a  text  to  urge  the 
rising  generation  of  engineers  to  devote  an  attention  to  chemical 
problems  which  has  achieved  such  remarkable  success  in  Germany. 

C.  C. 
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THE  MECHANICAL  PROPERTIES  OF  STEEL, 

WITH  SOME  CONSIDERATION  OF  THE  QUESTION 

OF  BRITTLENESS. 


{Subsequent  Communication  from  Mr.  David  M.  Machiij  on 
Dr.  HatfieMs  Paper*  with  the  Authors  Ttcphj.) 


Mr.  David  M.  Maclay  (of  Messrs.  David  Colville  and  Sons) 
wrote  that  Dr.  Hatfield's  Paper  was  very  interesting  and  instructive, 
and  stimulated  the  reader  to  further  inquiry  into  these  most 
important  matters.  Dr.  Hatfield  had  given  them  many  valuable 
examples  of  the  results  of  dynamic  testing  (impact,  alternating, 
and  repeated-blow  tests)  on  steels  and  wrought  iron,  and  these 
amplified  the  knowledge  obtained  from  the  accompanying  static 
tests  so  clearly  as  to  form  a  strong  argument  for  their  more 
general  use  in  steel  and  engineering  works. 

It  seemed  from  reading  the  opening  pages  of  the  Paper  that 
Dr.  Hatfield  was  of  the  opinion  that,  if  a  steel  were  stressed  within 
its  elaistic  limit,  it  would  never  deteriorate  or  fail.  In  this 
connexion  it  might  be  interesting  to  know  whether  the  elastic 
limit  or  the  limit  of  proportionality  of  a  steel  test-piece  would  be 
lowered  if  it  were  stressed  a  little  under  its  elastic  limit  for  a  long 
period  of  time,  say,  twelve  months.  He  emphasized  from 
experience  the  Author's  opinion  that  failures  were  often  caused 
by  faulty  treatment  of  the  steel  by  the  constructor,  such  as  non- 
removal  of  sheared  strained  edges  before  bending  operations,  deep 
snap  around  rivet-holes,  or  omission  to  normalize  after  hot  working. 

The  Author  said  (page  353)  :  "  The  design  and  technique  of  the 


*  Proceedings,  I.Mech.Eng.,  1919,  page  347. 
[The  I.Mech.E.] 
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riveting  will  always  have  a  profound  inSuence,  and  no  doubt  many 
of  the  failures  in  boiler-plates  might  be  rightly  traced  in  that 
direction."  This  I'emark  was  very  true.  Many  failures  in  steel 
plates  had  been  traced  to  microscopic  cracks  starting  from  rivet- 
holes.  But  microscopic  cracks  starting  from  rivet-holes  were  not 
always  the  cause  of  fracture.  An  example  of  this  came  within  the 
writer's  knowledge  lately.  A  piece  of  plate  about  12  inches  square 
and  ^  inch  thick,  with  several  rivet-holes  at  one  side,  was  cut  down 
from  a  boiler-plate  which  had  been  thirty-four  years  in  service. 
Cracks  had  developed  in  the  boiler-plate  to  such  an  extent  as  to  put 
it  out  of  service.  The  small  piece  sent  to  his  firm  showed  no  sign 
of  a  crack,  even  after  microscopic  examination  of  sections  cut  from 
the  rivet-holes.  But  in  sawing  off  small  test-pieces  for  tensile  and 
bend  tests  it  was  noticed  that  where  the  saw-cut  finished,  close  to 
and  parallel  with  the  line  of  rivet-holes,  two  fine  hair-like  cracks 
had  developed.  In  striking  the  plate  a  sharp  blow  with  another 
piece  of  steel  to  remove  loose  scale  the  cracks  ran  alongside,  but  at 
a  short  distance  from,  the  line  of  rivet-holes  to  the  edge  of  the 
plate.  A  feature  of  these  cracks  was  the  fact  that  they  did  not  run 
straight  through  to  the  other  surface  of  the  plate,  but  passed 
obliquely  into  the  body  of  the  metal  to  a  distance  of  about 
two-thirds  of  the  thickness.  Micro-sections  were  cut,  and  it 
was  clearly  seen  that  the  cracks  were  running  in  a  bed  of  slag 
inclusion  of  rather  formidable  quantity.  The  marvel  was,  how  this 
boiler  gave  such  a  long  service  as  thirty-four  years. 

On  "  The  Investigation  of  Failures "  Dr.  Hatfield  spoke  of 
important  cases  which  were  even  now  only  improperly  understood. 
In  this  connexion  it  might  be  worthy  of  consideration  that  a  large 
steel  structure  such  as  a  boiler,  bent,  drawn,  and  rivet-bound  to 
shape,  without  any  subsequent  normalizing,  might  be  in  a  very 
strained  condition  within  the  elastic  limit,  and  when  small  pieces 
were  cut  therefrom  for  investigation,  these  pieces  were  not  at  all 
in  the  same  strained  condition.  The  separation  of  them  from  the 
main  body  had  relieved  the  stresses  to  a  great  extent  in  the  small 
pieces  separated,  and  therefore  these  pieces  were  not  a  true  sample 
of  the  original  mass.     Would  a  micro-examination,  for  example. 
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made  on  a  part  of  the  large  mass,  show  the  same  structure  as  one 
made  on  a  small  cut  section  ? 

Dr.  Hatfield's  statements  on  "  Impact  Tests "  were  most 
instructive,  and  his  conclusions  on  the  value  and  limitations  of 
notched-bar  tests  were  very  clear  and  convincing.  On  page  363  he 
said  that,  "  it  is  now  definitely  established  that  the  properties  of 
the  material,  as  shown  by  the  static  tensile  tests,  ....  fail  at  times 
to  reveal  differences  brought  out  under  the  notched-impact  tests. .  .  . 
Steels  of  the  same  hardness  give  widely  different  values  under  the 
impact  test,  and  in  some  such  instances  the  tensile  test,  and,  for 
that  matter,  the  microscope,  utterly  fail  to  give  any  indication  of 
the  difierence  in  the  material."  From  his  own  experience,  he 
entirely  concurred  in  these  statements.  The  mechanism  of  the 
action  of  rupture  in  the  Izod  test,  as  explained  by  Dr.  Hatfield, 
showed  plainly  that  perhaps  the  greatest  value  of  the  notched- 
impact  test  was  its  detection  of  brittleness.  He  was  of  the  opinion, 
however,  that  the  ordinary  cold-bend  and  temper-bend  tests  (of 
which  Dr.  Hatfield's  Paper  made  no  mention)  were  very  valuable 
in  detecting  brittleness. 

For  many  years  his  firm  had  found  an  ordinary  notched-bend 
test  to  be  very  valuable  in  detecting  notched  brittleness  in  steel. 
Some  French  engineers  referred  to  steel  in  this  condition  as  being 
"  Nervous  Steel."  He  had  found  that  when  such  steel  was  heated 
to  a  suitable  temperature  and  then  air-cooled,  a  notched-bend  test 
could  be  obtained  showing  a  completely  fibrous  structure.  He 
agreed,  of  course,  with  Dr.  Hatfield  that  the  tensile  test  was  the 
fundamental  test,  all  others  being  subsidiary  or  auxiliary,  although 
often  valuable. 

Dr.  Hatfield  said  (page  367) :  "  The  question  which  has  to  be 
decided  is  whether  we  must  dissociate  notch  brittleness  from  true 
brittleness,  which  must  be  admitted  is  occasionally  experienced  in 
steels."  The  problem  to  be  solved  was  whether  really  brittle  steel 
could  give  satisfactory  results  under  static  tests,  or  was  a  sharp 
notch  needed  to  bring  out  the  evidence  of  brittleness.  He  would 
say  that  a  bend  test  would,  in  all  likelihood,  do  this  if  the  tensile 
test  itself  did  not. 
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On  page  373,  Dr.  Hatfield  said  :  "  The  appearance  of  fractures, 
that  is,  crystalline  or  fibrous,  has  always  had  much  weight  in 
determining  whether  steel  is  brittle  or  non-brittle.  .  .  .  The  material 
in  tough  and  notch  brittle  conditions  respectively  will  break  with 
fibrous  fractures  in  tension,  whilst  under  a  notched-bar  test  the 
former  will  have  a  fibrous  and  the  latter  a  crystalline  fracture." 
His  experience  was  that  this,  as  a  rule,  was  true,  but  it  did  not 
always  hold  good.  In  using  the  Izod  testing-machine,  he  found, 
as  a  rule,  that  with  alloy  high-tensile  steels  treated,  there  was  very 
little  discrepancy  between  values  obtained  with  round-notch  and 
square-notch  test-pieces,  but  with  the  mild  quality  of  carbon-steels 
the  difference  was  very  great  and  the  square-notch  test-pieces  gave 
better  results  than  the  round  ones.  He  considered  that  the  Izod 
or  Charpy  test  was  most  useful  for  heat-treated  alloy  steels,  as 
they  showed  very  distinctly,  when  read  in  relation  to  the  other 
tests,  whether  the  material  had  received  proper  heat-treatment  or 
not.  Also,  he  found  the  Sankey  test  similarly  useful  for  mild 
steels. 

A  number  of  years  ago  (in  1904)  his  firm  made  an  extensive 
series  of  fatigue  tests,  notched  and  unnotched,  similar  to  the 
Arnold  test,  and  of  repeated-blow  tests,  notched  and  unnotched, 
on  high  tensile  silicon  steels  and  mild  carbon-steels.  The  results 
of  these  showed  very  clearly  the  higher  strength  and  resistance  of 
high-tensile  steels. 

Dr.  W.  H.  Hatfield  wrote  that  he  had  read  with  interest 
Mr.  Maclay's  comments.  Mr.  Maclay's  Company  were  extremely 
large  producers  of  certain  classes  of  steel,  and  an  opinion  based 
upon  their  accumulated  experience  was  a  valuable  addition  to  the 
discussion. 

With  regard  to  the  opening  question,  concerning  the  influence 
of  stress  and  time  on  the  elastic  limit,  he  (Dr.  Hatfield)  had  not 
sufficient  data  to  make  a  statement,  but  he  was  of  the  opinion  that 
steel  would  bear,  indefinitely,  stresses  within  the  true  elastic 
range.  In  discixssing  this  question,  one  could  easily  be  led  into 
writing  platitudes,  but  he  hoped  that  his  reply  to  other  contributor.s 
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to  the  discussion  liad  already  permitted  him  to  make  clear  his 
views  on  this  point.  When  we  spoke  of  the  truly  elastic  range  of 
the  material  we  were  including  every  part  of  it,  but  the  difficulty 
with  industrial  material  was  that  the  heterogeneity  of  structure 
facilitated,  under  certain  conditions  of  non-uniform  stress,  the 
production  of  local  stresses  in  excess  of  the  truly  elastic  range  of 
some  portion  of  the  material.  He  was  glad  to  note  that  Mr.  Maclay 
could  confirm  his  opinion  that  many  of  the  troubles  associated 
with  steel  were  due  to  faulty  treatment,  leaving  in  the  parts 
potential  causes  of  failure.  The  interesting  case  of  the  boiler 
which  had  been  in  service  for  thirty-four  years  was  instructive, 
and  he  (Dr.  Hatfield)  would  much  appreciate  a  sample  of  that 
plate  with  a  view  to  submitting  it  to  the  diflferent  forms  of  tests 
described  in  the  Paper.  He  would  like  to  emphasize  the  point 
brought  forward  with  regard  to  the  release  of  stress  when  test- 
pieces  were  cut.  That  was  a  point  sometimes  lost  sight  of,  but 
which  might  readily  be  an  important  factor  in  the  solution  of 
important  problems. 

With  regard  to  the  bend-test  he  (Dr.  Hatfield)  shared  Mr 
Maclay's  opinion.  The  test  was  extremely  valuable  and  did 
undoubtedly  do  much  to  give  a  true  indication  of  the  reliability 
and  toughness  of  the  material. 

In  conclusion,  he  was  happy  to  see  that  Mr.  Maclay  confirmed 
the  opinion  which  he  had  expressed  with  regard  to  the  considerable 
value  of  high-tensile  steel.  He  felt  that  the  day  was  coming  when 
engineers  would  not  be  content  with  low-tensile  material  in  many 
of  the  parts  which  were  now  constructed  of  it. 
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PROCEEDINGS 


April  1920. 


An  Ordinary  General  Meeting  was  held  at  The  Institution, 
London,  on  Friday,  23rd  April  1920,  at  Six  o'clock  p.m.;  Captain 
H.  RiALL  Sankey,  C.B.,  C.B.E.,  R.E.  (ret.).  President,  in  the 
Chair. 

The  President  said  it  was  with  very  gi'eat  regi'et  that  he  had 
to  announce  the  death  of  a  very  valued  Member  of  the  Council, 
Mr.  Wilson  Worsdell,  who  had  been  a  Member  of  the  Institution 
from  1894 ;  he  became  a  Member  of  Council  in  1909,  and  had  been 
the  Chairman  of  the  General  Purposes  Committee  for  three  years. 
The  members  would  recollect  that  Mr.  Worsdell  had  been  the 
Locomotive  Superintendent  of  the  North  Eastern  Railway.  The 
Council  that  day  had  approved  of  a  letter  of  condolence  being  sent 
to  Mrs.  Worsdell.  Mr.  Worsdell's  death  had  been  very  sudden — 
so  much  so,  indeed,  that  the  Council  had  had  no  notice  of  his  death 
until  after  the  funeral,  and  therefore  the  Council  and  the  Institution 
bad  been  unable  to  be  represented  at  the  grave. 

The  ]\[inutes  of  the  previous  Meeting,  held  on  19th  March, 
were  read  and  confirmed. 

The  President  announced  that,  to  fiU  the  vacancy  caused  by 
the  decease  of  Mr.  Wilson  Worsdell,  Mr.  Loughnan  St.  Lawrence 
Pendred  had  been  appointed  a  Member  of  Council  for  the  current 
year.  He  would  retire  at  the  next  Annual  General  Meeting  under 
Article  25,  and  would  be  eligible  for  election. 

2  H 


446 


ELECTION   OF   MEMBERS. 


Aim;  1 1,  1920. 


The  Pkesident  announced  that  the   following  147  Candidates 
bad  been  found  to  be  duly  elected : — 


MEMBERS. 


BissEiT,  John, 

Gravely,  William  Cecil, 

Hutchinson,     Thomas      Massie, 

D.S.O.,  O.B.E.,     . 
Ireland,  Ernest  George, 
Knowles,  Alfred,    . 
Lewis-Smith,  Edwin  Oscar, 
Petrie,  Thomas  Alexander, 
Robinson,  Frederick  ISaton, 
Shimmin,  Henry, 
Sim,  Walter  Stuart, 
Wallace,  Duncan  McNaughton, 


Lt.-Col., 


Oldham. 
North  Shields. 

G.H.Q.,  France. 

Swindon. 

Manchester. 

London. 

Nottingham. 

Woolwich. 

Que  Que,  Rhodesia. 

London. 

Glassrow. 


associate  members. 


Abbott,  William  George,  O.B.E., 
Allsupp,  William,  . 
Ambler,  Malcom  Vincent, 
Ames,  Frank  Edwin, 
Annandale,  Robert  Burns, 
Armstrong,  John  Mutrie, 
Armytage,  George  Jackson, 
Arnold,  Kenneth  Noss,  . 
Ball,  Richard  Henry, 
Baxter,  James, 
Beaumont,  John  Robert,  . 
Beaven,  Walter  Llewellyn, 
Beckett,  Francis  Oliver, 
Black,  Bertram  Sidney,  . 
Bond,  Ralph  Victor, 
Briggs,  Thomas  Arthur,  . 
Brooke,  Saville  Aubrey, 
Bulling,  George  Bloomfield, 
Cookson,  Frank, 
Craig,  Robert, 
Creasy,  Henry  Percy, 
Cridge,  Walter  John, 
Cross,  John  Russell, 
Davies,  John  Charles  Silvester, 
Dickson,  Douglas  Boardman, 
DouGALL,  Percy, 
Dunsmore,  Stuart  McWait, 
Farrell,  L.  Ernest, 


Exeter. 

Woolwich. 

London. 

Birmingham. 

Liverpool. 

Malacca. 

Leeds. 

Pur  brook,  Hants. 

Liverpool. 

West  Bromwicb. 

Wimbledon. 

Hanley. 

Manchester. 

London. 

Rotherham. 

Bath. 

London. 

Stamford. 

Swansea. 

Belfast. 

Hankow. 

Leeds. 

Drogheda. 

Bedford. 

Alexandria. 

Kidderminster. 

Kuala  Lumpur. 

Manchester. 
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Field,  Arthur  Christopher,     . 

Fyfe,  James  Mitchell,     . 

Geldard,  Nicholas, 

Gibson,  William  Hope  Harnett, 

Gordon,  Thomas  Milford,  Capt.,  R.E. 

Grey,  Robert  Bertram,    . 

Griffiths,  Henry  Martin 

Hambly,  William  Middleton,  . 

Hatch,  William  Ernest, 

Hayter,  Herbert  Roche,  Lt.-Col.,  D.S.O. 

R.A.S.C,     .... 
Hewson,   Frank    Lloyd,    Major,    R.A.S.C. 

M.T., 

Hill,  Bert  Allen,  . 

Hill,  William  Cowan, 

Hind,  James  Alexander,  . 

Hinds,  Frank  Douglas,    . 

HoDsoN,  Thomas  Stuart,  . 

HoLLiNS,  Jack, 

Howard,  John  Vincent,   . 

HucKs,  Frank,  Eng.  Lt.-Com.,  R.N., 

HuTCHiN,  Sidney, 

James,  Horace  Ben  Rosenthal, 

James,  Robert,         ... 

James,  William  Arthur,. 

Jopling,  Hugh  Lanzi  Woodwell, 

Jordan,  Herbert  Malcolm, 

JuDD,  Edwin  Hupeh, 

Landstad,  Hans, 

Lea,  Walter  Albert, 

Lewis,  David, 

Lewis,  Howard  Stanley  Overton,  Captain, 

Lynam,  Charles  Garner, 

Lyon,  Frederick  Otto, 

McCarthy,  Michael  John  Charles, 

McKinty,  James, 

McMahon,  Francis  Richard,  Major,  D.SO., 

R.E., 

McPherson,  Dougal  Campbell,  M.B.E. 

Makepeace,  Harold  Cragg, 

Mason,  John  Victor,  Captain,  R.A.O.C, 

Meeson,  William  Phillip, 

Mills,  Albert  Henry, 

Morgan,  Griffith  Bowen, 

Neville,  Herbert  Foxall, 

OsBORN,  William  Stanley, 

Parker,  Elwin  Thorley, 


Manchester. 

Calcutta. 

Leeds. 

London. 

Bedford. 

London. 

London. 

London. 

London. 

Farnborough. 

London. 

Weymouth. 

Singapore. 

Belfast. 

Wareham. 

Newcastle-on-Tyne. 

Middlewich. 

London. 

Hampton  Court. 

Giflfnock,  N.B. 

London. 

Treforest,  Glam. 

London. 

Sheffield. 

Luton. 

London. 

Cowley,  Oxon. 

Georgetown,  B.G. 

Bath. 

Wareham. 

Hendon. 

Nigeria. 

London. 

Arbroath. 

London. 

Avonmouth. 

London. 

Colchester. 

Dumfries. 

Birmingham. 

London. 

Woolwich. 

London. 

Birmingham. 
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Pitt,  Herbert  Winchester, 

PoiLSON,  Thomas  Henry, 

I^RiTCHARD,  Fred,     .... 

Robinson,  George  Howard,  R.A.S.C, 

Ross,  James  Frederick  Stanley,  M.C, 

RoYLE,  Harold  Marnion, 

ScoBiE,  John,  .... 

Shelley,  Arthur  Christie, 

Sheppard,  Leonard  Henry  Ives,  Lieut., 

Shoda,  Taizo, 

Smith,  Howard  Frederick, 

Smith,  Stanley  Livingston, 

Snelling,  Norman  Stewart,  Captiiin,  R.E., 

SoLLis,  Leonard, 

Starnes,  Cyril  Walter,  . 

Stephenson,  Arthur, 

Stockbridge,  Norman  Frederic, 

Stokoe,  Charles  Leslie,  . 

Taylor,  Aidan  Harnett, 

Thatcher,  George  Ridger, 

Thomas,  John  Henry, 

Thomson,  George,  Jun.,    . 

TipPETT,  George  Alexander, 

Trollope,  Frederick  William, 

Vaughan,  Harry  Hughes, 

Verity,  George, 

Walsh,  Robert  Morrison  Pakenham,  Eng. 

Lt.-Com.,  R.N., 
Watt,  Thomas  Edmund,    . 
Whyte,  Kenneth  McIntosh,     . 
Wilson,  William  Henry, 
Winder,  John  Sydney,     . 


associate. 


Hewson,  GEtjRGE  William, 


London. 

StaflFord. 

Ipoh,  F.M.S. 

Weston-super-Mare. 

Barrow-in-Furness. 

London. 

Manchester. 

Salisbury  Plain. 

Wareham. 

Kobe. 

Birmingham. 

London. 

Antwerp. 

Huddersfield. 

London. 

London. 

Birmingham. 

Wallsend-on-Tyne. 

Wakefield. 

Bristol. 

London. 

Aberdeen. 

Richmond,  Surrey. 

London. 

Edinburgh. 

Liverpool. 

London. 
Sheffield. 
Glasgow, 
Birmingham. 
Ottery  St.  Mary. 


Jarrow-on-Tyne. 


graduates. 


Alcock,  Charles,    . 
Anderson,  Georcse  Oswald, 
Armitstead,  James  Henry, 
Barber,  Harald  Edmund, 
Black,  Edward  Bramall, 
Bond,  Clement  Dickson,  . 
Brooke,  George  Victor,  . 
Churchman,  Stanley, 
CusHNY,  John, 
Davis,  George  Wilfrid,  . 


London. 

Seaham  Harbour. 

Wigan. 

Woodford  Green. 

London. 

Bolton. 

Manchester. 

London. 

London. 

Croydon. 
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Dixox,  Frederick  Ernest  Reginald, 

(!lazebrook,  Johx  Farrer, 

Gray,  William  Frederick, 

Hewitt,  Jack, 

Hills,  Bruce  Arthur  Charles, 

Hunter,  John  Kenneth,  . 

Ingram,  Norman  Gilbert  Stuart, 

Knight,  Ernest  Richard, 

LiNDUP  Ernest, 

McIntyre,  Archibald  Ross, 

Moore,  Frederick  Francis  John, 

Morris,  Leonard  Stanley, 

Page,  Albert, 

Parfiit,  Arthur  William  Charles, 

Phillips,  James  Roland,  . 

RuGG,  Cecil  John,  . 

Sharp,  Henry  Ernest, 

Smith,  Leslie  Gordon, 

WiLftiAMs,  Arthur  Trevor, 

Williams,  John  Herbert, 

WooLLARD,  Frank  Griffiths,   . 

Young,  Harold  Leslie,    . 


Castlebar. 

London. 

London. 

Horwich. 

Bushey,  Herts. 

London. 

Glasgow. 

Walsall. 

Rondesbosch,  C.C. 

Stockport. 

Thornton  Heath. 

London. 

Glasgow. 

Wolverhampton. 

London. 

Lewes. 

Bristol. 

London. 

Leeds. 

Aberdeen. 

London. 

London. 


The  President  announced  that  the  following  eleven  Transferences 
had  been  made  by  the  Council : — 

Associate  Memhers  to  Members. 


Batson,  Reginald  George  Cyril, 
Bell,  William  Thomas,  O.B.E., 
Crosthwait,  John  Lees,    . 

DUNKERTON,  ErNEST  ChARLES, 

Greene,  Frank  Arnold,  . 

Hart,  William  Henry,    . 

Perry,  Frederick  Buckland, 

Reason,  Henry  Lucien,    . 

Riviere,  Philip  Lyle, 

Shaw,  Thomas  Raynor, 

Staniar,  Henry  Drummond,  Capt.,  R 


A.F.,, 


Teddington. 

Lincoln. 

Belfast. 

Lincoln. 

London. 

Portsmouth. 

Lincoln. 

Birmingham. 

London. 

Manchester. 

Leamington. 


The  President  said  that  he  had  the  following  announcement  to 
make  with  regard  to  the  proposal  to  establish  a  Junior  Grade  of 
Graduates  of  the  Institution.  It  would  be  remembered  that  the 
question  had  been  raised  on  the  By-laws  by  Mr.  Moss   and  Mr, 
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Evans  at  the  Annual  General  Meeting.  A  Committee  had  been 
formed,  of  which  those  two  gentlemen  had  been  members,  and 
after  considerable  discussion  a  recommendation  was  made  to  the 
Council,  which  met  the  objects  in  view.  This  recommendation  was 
adopted  by  the  Council  by  the  following  Resolution  :  "  That  any 
matriculated  student  of  an  Engineering  College  or  any  Engineering 
pupil  or  apprentice,  not  being  less  than  16  years  of  age  nor  over 
19  years  of  age,  and  recommended  by  a  Member  or  Associate 
Member  of  The  Institution  of  IMechanical  Engineers,  may,  at  the 
discretion  of  the  Council,  receive  the  Journal  annually  at  the 
charge  of  One  Pound,  together  with  a  ticket  entitling  him  to 
attend  the  Meetings  of  the  Institution."  The  Resolution  had  been 
approved  by  the  Solicitor  as  not  requiring  any  alteration  of  By- 
laws or  Articles,  and  therefore  it  could  come  into  force  at  once, 

t 
which  was  an  advantage. 


The  following  Papers  were  then  presented  by  Mr.  G.  T.  White, 
B.Sc,  and  discussed  :— 

"  The  Hardening  of  Screw-Gauges  with  the  least  Distortion 
in  Pitch "  (Referring  to  Water  Hardening  and  to  Oil 
Quenching) ;  by  the  late  W.  J.  Lineham,  B.Sc,  Member. 


The   Meeting   terminated   at   Half-Past   Seven   o'clock.       The 
attendance  was  93  Members  and  65  Visitors. 


The  above  Papers  were  also  discussed  at : — 

Manchester  :  in  the  Engineer's  Club,  on  Thursday,  29th 
April :  Mr.  Henry  Pilling,  M.B.E.,  Member,  in  the 
Chair. 
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THE  HARDENING  OF  SCREW-GAUGES  WITH  THE  LEAST 
DISTORTION  IN  PITCH. 

(Referring  to  Water  Hardening.) 


By  the  late  WILFRID  J.  LINEHAM,  B.Sc,  op  the  Goldsmiths' 
College,  London,  Member. 

(Revised  by  Mr.  G.  T.  White,  B.Sc,  of  the  Goldsmiths'  College,  London.) 


In  the  hardening  of  screw-gauges  at  Goldsmiths'  College  it  was 
required  to  find  a  means  of  quenching  the  steel  after  heating,  so  that 
the  distortion  along  the  pitch-line  should  be  reduced  to  a  minimum. 
The  work  was  being  done  under  the  scheme  inaugurated  and  sup- 
ported by  the  London  County  Council  Education  Department  for 
war  purposes. 

The  first  law  of  Hardening  (known  for  many  years)  asserts  that 
sudden  quenching  after  heating  retains  the  steel  in  the  condition 
that  prevailed  at  the  quenching  temperature. 

The  second  law  of  Hardening  (of  much  more  recent  discovery) 
states  that  quenching,  while  crossing  an  arrest  or  recalescence  point, 
produces  the  least  amount  of  distortion,  and  it  is  one  of  the  pur- 
poses of  this  Paper  to  endeavour  to  prove  the  truth  of  this  law 
A  second  reason  for  the  Paper  is  to  ofEer  the  Author's  results 
other  screw-gauge  manufacturers  for  their  immediate  assistance. 
[The  I.Mech.E.] 
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Fig.  1.-  Portion  of  the  Iron-Carbon  Diagram  {Tioberts-Austen). 
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The  second  law  had  already  been  used  by  other  investigators 
and  practically  applied  with  material  success,  but  the  Author  was 
unaware  of  the  exact  researches  that  have  led  to  the  adoption  of 
fixed  temperatures.  The  Wild-Barfield  process  he  believed  to  be 
the  first  practical  example,  the  principle  of  which  is  to  use  the 
change  in  magnetic  properties  of  wrought-iron  or  steel  when  passing 
from  the  y8  to  the  a  state  to  indicate  the  temperature  at  which  to 
quench.  Reference  to  the  Roberts-Austen  diagram.  Fig,  1,  shows 
this  to  occur  along  the  Ar2  line,  temperature  765°  to  770°  C. 
(1,409°  to  1,418°  F.). 

The  Horstmann  Brothers  arrived  at  a  similar  result  by  quenching 
at  700°  C.  (1,292°  F.),  which  is  the  temperature  of  the  eutectoidal 
line  Arl.  The  screw-gauges  they  manufactured  were  produced, 
they  said,  with  no  alteration  in  pitch,  but  a  slight  swelling  always 
occurred  in  diameter,  which  was  lapped  down  afterwards.  They 
kindly  commimicated  their  method  to  the  Author,  who  thereupon 
decided  to  make  his  own  investigations,  the  results  of  which  are 
now  set  forth. 

The  Author's  first-sought  ideal  was  a  quenching  temperature 
which  would  produce  no  distortion  whatever,  but  it  will  be  seen 
that  this  has  not  been  achieved,  nor  does  it  seem  likely  that  anything 
more  than  a  minimum  distortion  can  be  arrived  at.  The  Arl  line 
for  the  use  of  the  second  law  appeared  to  have  manifest  advantages 
over  that  at  Ar2,  because  of  its  constancy  of  temperature  over  a 
large  range  of  carbon  percentages ;  and  it  seems  reasonable  to 
expect  that  steels  of  any  carbon  content  will  act  in  the  same  manner 
when  cooling  across  this  line,  if  all  are  free  from  impurities. 

Before  the  War  the  manufacture  of  screw-gauges  was  confined 
to  the  use  of  high-carbon  steel,  say,  from  0  •  85  to  1  •  2  per  cent  carbon, 
which  was  usually  left  unhardened,  on  account  of  the  difiiculties 
caused  by  distortion  on  quenching.  The  making  of  hardened 
screw-gauges  had  been  practised  to  a  very  limited  extent  before 
1914,  the  correction  after  hardening  being  obtained  by  the  use  of 
laps  of  cast-iron  or  boxwood.  The  method  taken  generally  has  now 
been  revived  and  extended,  and  is  the  only  one  followed  at  the 
present  time,  so  a  short  description  will  be  useful  in  order  that  the 
Author's  intentions  may  be  understood. 
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Assuming  that  tlie  gauge  can  be  hardened  with  so  little  change 
that  the  pitch  tolerance,  plus  or  minus,  is  not  exceeded,  which  it  will 
be  shown  can  be  done,  the  process  of  making  a  gauge  involves,  first, 
the  accurate  screwing  of  the  blank,  and  then  hardening  the  screwed 
piece. 

The  first  was  carried  out  in  a  lathe  accurately  corrected  in  pitch 
by  a  cam-bar.  The  screwing  tool,  known  as  a  form  tool,  was  of 
disk  shaj)e  and  supplied  with  chasing  teeth  on  its  circumference 
Two  of  these  ''  form  chasers  "  were  used,  both  being  quite  accurate 
in  pitch  and  of  perfect  sectional  contour  for  the  thread  to  be  cut. 
One  was  used  to  rough  out  the  gauge-screw  to  about  half  or  two- 
thirds  the  thread  depth  ;  and  the  other,  very  carefully  adjusted  in 
position,  to  finish  the  thread  correct  on  core,  crest,  and  effective 
diameters  and  full  form.  Constant  measurement  was,  of  course, 
necessary,  but  as  the  lathe-slides  were  provided  with  micrometer 
disks,  rapid  and  almost  automatic  manufacture  was  soon  secured. 
The  intention  of  the  Author  at  this  stage  of  the  work  was  to  just 
clean  up  the  gauge  with  a  full-form  cast-iron  lap,  accurately  made 
from  a  tap  cut  in  the  before-mentioned  lathe.  This  method  of 
lapping  proved  a  failure,  the  abrasive  clinging  to  the  soft  gauge  and 
causing  "  scoring,"  so  he  fell  back  on  the  cutting-tool  itself  for  the 
accuracy  demanded,  assisted  by  the  use  of  a  very  mild  steel  of 
0-14  per  cent  carbon  for  the  blanks  that  cut  with  a  polish.  The 
object  of  the  screwing  operation  was  to  produce  a  gauge  that  was 
ferfect  in  all  dimensions  while  yet  in  the  soft  state. 

The  next  step  was  to  harden.  The  hardening  of  screw-gauges, 
and,  indeed,  some  others,  was  performed  in  a  cyanide  furnace,  made 
by  John  Wright,  of  Birmingham,  which  consisted  of  a  rectangular 
cast-iron  bath,  covered  and  ventilated  to  remove  the  fumes,  filled 
with  sodium  cyanide,  and  heated  by  coal  gas  and  air,  the  latter 
being  fed  at  a  pressure  of  3  lb.  per  sq.  in.  The  cyanide,  which 
melted  at  about  600°  C.  (1,112°  F.)  and  boiled  at  or  near  800°  C. 
(1,472°  F.),  was  maintained  at  750°  to  770°  C.  (1,382°  to  1,418°  F.) 
when  in  use,  the  temperature  being  indicated  by  a  thermo-couple 
pyrometer.  The  gauges  (of  mild  steel)  were  placed  on  trays 
suspended  clear  of  the  bottom  of  the  bath  and  soaked  from  ten 
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minutes  to  one  hour,  according  to  size,  or  until  they  had  acquired 
the  requisite  depth  of  case. 

If  a  greater  depth  of  case  than  O'OOS  inch  be  required,  packing 
the  gauges  with  barium  carbonate  and  bone  black  in  closed  boxes 
and  soaking  in  a  muffle  furnace  at  about  850°  C.  (1,562°  F  )  miLst 
be  resorted  to,  but  the  final  heating  should  be  completed  in  the  cyanide 
bath. 

It  is  possible  to  allow  the  cyanide  bath  to  cool  to  the  quenching 

Fig.  2. — Measurement  for  Diameter. 
AAA. — Micrometer  Ativils. 


CREST 


CORE 


EFFECTIVE 


temperature  (supposing  that  to  be  exactly  known)  after  the  requisite 
soaking  of  the  gauge,  but  the  process  absorbs  much  time  and 
increases  expense,  and  is  not  to  be  advised  for  continuous  working. 
Also,  the  temperature  may  be  ascertained  by  the  coloiu  of  the 
gauge,  which  may  be  taken  as  a  very  dull  red,  but  this  is  not 
advisable.  The  Author  therefore  installed,  in  addition  to  the 
cyanide  bath,  a  Brayshaw  salt-bath  furnace,  using  "  Pyromelt," 
and  kept  that  furnace  at  the  constant  quenching  temperature. 
This  furnace  was  called  the  "  Store  furnace,"  for  when  a  gauge  had 
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had  its  full  time  in  the  cyanide  it  was  stored  here  at  quenching 
temperature  until  its  heat  had  evened  up  ;  and  it  was  afterwards 
quenched  at  leisure.  The  quenching  tank  was  close  to  the  store 
furnace  and  of  ample  capacity,  with  inflow  and  outflow  cocks. 

The  screw-gauge  was  next  measured  for  pitch  and  diameters. 
The  diameter  measuring  machine  has  already  been  illustrated 
in  the  Proceedings,*  and  the  mode  of  its  use  is  merely  suggested  in 
Fig.  2  (page  455),  which  shows  the  micrometer  anvils  at  the  moment 
of  measurement. 

The  pitch  measuring  machine,  Fig.  3,  was  designed  by  the 
National  Physical  Laboratory  and  constructed  at  Goldsmiths' 
College.    The  drawing  is  somewhat  diagrammatic  in  order  to  show 

Fig.  4. — Lapping  the  Separate  Elements  of  a  Screw. 

CORE     LAP  CREST     LAP  EFFECTIVE     LAP 


SCREW  SCREW  SCREW 

the  principle  clearly.  The  gauge  is  supported  between  centres 
on  the  main  or  fixed  casting.  A  movable  carriage  supports  an 
indicator  on  the  left  and  a  micrometer  on  the  right,  being  always 
pressed  leftward  by  means  of  a  weight.  The  indicator  carries  a 
stylo,  which  engages  with  the  screw-thread,  and  a  pointer  in  connexion 
therewith,  whose  reading  is  multiplied  so  as  to  be  in  the  region  of 
one-millionth  of  an  inch  of  sensitiveness.  The  micrometer  abuts 
against  the  main  casting  and  can  be  read  to  0- 00001  of  an  inch, 
and  very  rapid  charting  of  screw  errors  can  be  obtained. 

After  hardening,  it  was  found  that  the  screw  pitch  had  not 
distorted  beyond  the  tolerance,  plus  or  minus,  if  precautions  had 
been  taken  such  as  suggested  later.  The  diameters,  however,  had 
increased,  at  least  the  core  and  crest  were  larger,  but  the  effective 
surface  was  often  unchanged.  The  operation  of  lapping  followed, 
three  laps,  Fig.  4,  being  used  ;    but  the  enlargement  being  only 


♦  Proceedings,  l'J17,  page  54,  and  Fig.  4,  page 
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about  O'OOOl  to  0*0003  inch  in  diameter,  the  amount  of  lapping 
was  very  little.  Naturally  the  operation  was  of  a  delicate  character, 
and  was  the  jmrticular  part  of  the  whole  process  that  held  up  the 
delivery  most ;  many  gauges  were  spoilt  in  its  exercise  ;  but  it  is 
believed  that  the  whole  hardening  process  will  yet  be  so  perfected 
that  only  a  full-form  cleaning  \a.j)  will  be  necessary. 

Finally  each  gauge  was  examined  by  an  optical  lantern 
magnification  of  exactly  50  to  1,  as  already  described  in  previous 
Papers  ;  and  of  course  the  pitch  and  the  diameters  at  all  three 
elements  of  section  were  thoroughly  tested  during  the  stages  of 
manufacture  and  just  before  delivery,  by  a  competent  staff  of 
examiners. 

It  will  be  said  that  if  only  a  screw-gauge  could  be  made  to 
travel  through  its  various  manufacturing  steps  in  such  a  simple  and 
well-oiled  manner,  the  difficulties  of  screw-gauge  making  would 
be  completely  overcome.  It  is  one  intention  of  this  Paper  to  show 
that  the  difficulties  of  manufacture  are  being  overcome  by  the 
adoption  of  definite  scientific  method,  and  there  are  strong  and 
practically  certain  hopes  of  doing  away  with  lapping  altogether. 

The  crucial  point  of  the  manufacture  is  the  hardening.  Lathes 
have  been  specially  built  that  will  produce  accurate  pitch,  and  mild 
steel  is  being  used  that  can  be  finished  in  those  lathes  with  a  polish. 
It  will  be  shown  that  a  quenching  temperature  can  be  found  that 
only  lengthens  the  pitch  by  0*0002  inch  over  0*7  inch  of  length, 
which  is  within  the  pitch  tolerance,  0*0003  inch,  on  such  a  length 
for  inspection  gauges  of  correct  efiective  diameter. 

Two  remarkable  examples  of  distortion  are  shown.  The  first, 
Fig.  5,  was,  before  treatment,  a  cheese-shaped  disk  of  common 
mild  steel.  It  was  heated  in  a  coke  fire  and  quenched  in  water, 
the  operation  being  repeated  about  a  thousand  times.  The 
continued  distortion  has  swelled  the  disk  into  an  approximate 
spherical  form,  but  that  the  volume  is  unchanged  was  ascertained 
by  displacement  measurement. 

I.  J' The  second  specimen,  Fig.  6,  was  at  first  a  rectangular  disk, 
and  here  again  the  spherical  form  is  attempted,  the  treatment  being 
the  same  as  in  the  first  example. 


I'ltiL  1920. 


WATER   HARDENING   OF   SCREW-GAUGES. 


459 


Fig.  5.—^  Disk  of  Mild  Steel  was  sivollen  as  sJunvn  by  means  of 

1,000  successive  Jieatings  and  (jjienchings. 

(See  Mr.  G.  T.  White's  Note  on  page  529.) 

•Weight 1,189  gini.  (2022  lb.) 

Volume 162"  c3  (9-315  cub.  in.) 

Hpeciflc  gravity        .         .         .  7-78 

Weight  pur  cub.  iu.         .         .  0  281  lb. 


CDGE     VIEW 


FRONT     VIEW 


EDGE     VIEWS 


FRONT     VIEW 

I 

|4- 2-05" H 


Fig.  G. — A  rectangular  Disk 
of  Mild  Steel  ivas  swollen  as 
shown  by  means  of  1,0(X) 
successive  heatings  and 
quenchings. 
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These  two  specimens  came  to  the  Author  as  a  piece  of  exceptional 
good  fortune,  being  presented  by  Mr.  F.  A.  Thompson.  Their  history- 
is  :  a  garage  boy  required  buckets  of  hot  water  at  meal  times  and 
kept  three  of  these  pieces  hot  on  coke  fires,  using  which  he  pleased 
to  heat  the  water  by  immersion,  and  continuing  his  unintentional 
experiments  over  a  period  of  about  a  year. 

The  Author  commenced  his  experiments  in  April  1918  by 
providing  seven  specimens  for  each  experiment,  the  material  being 
J  and  L  steel  of  0-14  per  cent  carbon.  Each  specimen  was  ground 
and  carefully  surfaced  by  stoning  the  ends,  and  the  dimensions 
were  about  ^j.-  inch  diameter  by  0*7  inch  long.  Previous 
experiments  upon  pieces  of  full  gauge  shape  showed  the  wisdom  of 
using  simple  cylinders  for  the  temperature  tests  so  as  to  obtain 
symmetrical  distortions. 

One  form  of  distortion  resulting  from  hardening  a  cylindrical 
piece  of  steel  was  found  to  be  a  swelling  or  bulging  at  the  ends,  but 
the  length,  measured  at  the  edges,  remained  very  little  changed  indeed. 

The  experiments  were  begun  without  any  clear  notion  of  the 
form  the  distortions  were  likely  to  assume,  and  axial  measurements 
were  at  first  made,  which  proved  to  be  wrong  for  the  purpose  required. 
Also  the  ends  of  the  cylinders  were  not  parallel  to  less  than  0*0001 
inch,  and  the  average  dimension  was  taken  in  the  hard  and  in  the 
soft  states  respectively.  When,  however,  the  circumference  was 
divided  into  three  or  four  parts  and  marked,  and  the  change  of 
length  taken  at  the  marked  positions  only  and  afterwards  averaged, 
quite  consistent  results  Avere  obtained,  the  figures  fairly  representing 
pitch-line  distortions  on  a  screw-gauge. 

Figs.  7  to  12  (pages  462-3)  show,  for  six  sets  of  experiments, 
changes  of  length  in  units  of  0*0001  inch  plotted  on  a  base  of 
quenching  temperature. 

Fig.  7  (5th  April  1918)  is  a  record  of  the  average  change  of  length 
measured  over  the  end  surfaces,  and  contains  the  axial  bulging. 
It  was  on  this  set  that  the  bulge  was  first  noticed,  and,  from  this 
time  onward,  measurements  were  made  on  the  edges  only.  The 
temperature  of  700°  C.  (1,292°  F.),  however,  is  indicated  as  that  of 
no  distortion. 
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Fig.  8  (24th  April  1918).  The  distortions  are  all  extensions, 
and  670°  C.  (1,238°  F.)  indicates  least  distortion.  Several  screws 
were  hardened  at  this  figure  with  success. 

Fig.  9  (27th  April  1918).  This  curve  was  distressing.  It  seemed 
to  show  that  there  was  iio  fixed  law  and  that  nothing  would  result 
from  the  labour.  The  figure  685°  C.  (1,265°  F.)  was  taken  as  best, 
for  the  drop  at  730°  C.  (1,346°  F.)  might  not  be  trustworthy. 

Fig.  10  (4th  May  1918).  A  good  curve  showing  700°  C.  (1,292°  F.) 
to  be  decidedly  the  best  temperature.  Two  specimens  were  quenched 
at  670°  C.  (1,238°  F.)  and  are  shown  to  agree  fairly. 

Fig.  11  (9th  May  1918).  Another  wavy  curve,  with  minimum 
at  695°  C.  (1,283°  F.). 

Fig.  12  (11th  May  1918).  There  is  here  a  minimum  at  700°  C. 
(1,292°  F.),  but  also  at  three  other  temperatures. 

The  problem,  which  now  appeared  hopeless,  suddenly  cleared 
itself.  It  occurred  to  the  Author  to  plot  all  the  curves  on  one  sheet 
by  superposition,  as  in  Fig.  13^  (page  464),  and  this  operation  was 
at  once  fruitful  in  showing  that  the  distortion,  or  as  it  may  now 
be  called,  extension,  had  definite  laws  and  was  not  the  result  of 
mere  chance.  Disregarding  the  first  curve  shown  dotted,  all  cross 
at  exactly  one  point,  namely,  700°  C.  (1,292°  F.),  -the  recalescent 
point  Arl  of  the  equilibrium  diagram. 

The  extension  is,  unfortunately,  not  obliterated,  but  it  has  a 
fixed  and  definite  value  of  0'0002  inch,  and  is  within  the  tolerance 
limits.  It  indicates  a  condition  of  stability,  and  if  700°  C.  (1,292°  F.) 
be  made  the  quenching  temperature,  this  extension  can  be  allowed 
for  when  cutting  the  screw. 

Other  parts  of  the  curves  show  nothing  but  instability.  The 
use  of  the  position  700°  C.  (1,292°  F.),  therefore,  is  calculated  to  assist 
correct  manufacture,  while  all  the  other  temperatures  are  unreliable. 
On  that  account,  an  attempt  to  find  a  stable  temperature  of 
maximum  extension,  for  use  when  needed,  was  practically 
unsuccessful;  for  gauges  quenched  at  715°  C.  (1,319°  F.)  did  not 
always  extend  well.  A  very  important  point  is  that  the  temperature 
must  be  found  with  accuracy,  the  range  of  stability  being  so  very 
limited. 

2  I 
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FiQB.  7,  8,  and  9. — Experiments  oii  Disloition  of  Screw-Gauges 
in  length  only :  namely,  on  pitch-line. 

J  aud  L  Milil  Stei-I  0'14  per  cent  Cjirbon.    Cased  in  Sodium  Cyauide  for  30  mius. 
,  at  760-'  C.    SpfCiiiieiia  i'^,  inch  diameter  x  0-7  iucli  long. 


720  710  700  GOO 

QUENCHING     TEMP.     "C 
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Figs.  10, 11,  and  12. — Experiments  on  Distortion  of  Screw-Oauges 
in  length  only :  namely,  on  pitch-line. 

3.  aud  L  Milil  steel  0-14  per  cent  Carl)on.    Cased  in  Sodium  Cyanide  for  30  uiins. 
at  750°  C.    Specimens Ji",  inch  diameter  X  0"7  inch'.loug. 


740  730  720  710  700  690  680  670  660"= 

QUENCHING     TEMP.     "C. 


750  740  7  30  7  20  7  10  700  090  G80  670^ 

QUENCHING     TEMP.      °C. 


715  700  C8E 

QUENCHING     TENrP.     "C 
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Fig.  13.—Su2)erposed  Curves  of  Figs.  7  to  12. 
Couclusions.— 700°  C.  is  stable  at  0-0002  inch  extcusion,  but  695°  C.  cau  In-  used. 


15  700  685 

QUENCHING     TEMP.     "C. 


Fjg.  li.—Enlargemcnl  of  the  Distortion  Scale  to  15^  above  or  below  Arl. 
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In  Fig.  14  the  distortion  scale  has  been  magnified  and  plotted 
for  a  range  of  15°  ±  of  700°  C.  Maximum  instability  occurs  at 
715°  C.  as  well  as  maximum  distortion,  and  in  all  cases  temperatures 
below  700°  C.  are  safer  than  those  above.  A  fair  and  safe  latitude 
for  quenching  lies  between  GgO'^C.  (1,274°  F.)  and  700°  C.  (1,292°.  F.). 

The  Author  found  no  difficulty  in  making  sure  of  700°  C.  with 
the  use  of  a  platinum-rhodium  thermo-couple,  a  thermometer 
within  the  galvanometer-case  giving  warning  of  any  change  of 
temperature  of  the  cold  junction.  Upon  retesting  the  thermo- 
couple after  about  six  months'  use,  it  was  found  by  the  makers  to 
be  quite  accurate. 

It  now  appears  that  the  second  law  of  Hardening  proposed  at 
the  commencement  of  this  Paper  is  proved  so  far  as  the  line  at 
Arl  is  concerned,  and  could  no  doubt  be  proved  for  other  arrest 
points. 

In  the  early  stages  of  this  research  measurements  of  distortion 
on  diameter  were  made,  which  always  showed  an  increase  of  about 
O'OOOl  to  0-0003  inch,  but  the  purposes  of  the  research  being  the 
measurement  of  length  distortion  in  screw-gauges,  and  time  being 
pressing,  diameter  measurements  were  not  proceeded  with. 

Before  obtaining  the  pyrometers,  which  were  not  in  use  before 

5th  April,  some  experiments  were  made  on  a  colour  scale  extending 

through — 

Bright  red. 

Grey  just  appearing  (due  to  freezing  of  the  cyanide), 

Full  grey, 

Dull  red, 

Black  just  appearing, 

Mid  black. 

Full  black, 

the  specirrfen  being  held  in  a  half  light.  The  results  pointed  to  a 
best  temperature  between  dull  red  and  black  just  appearing.  Some 
experimenters  have  further  perfected  the  colour  test,  but  the 
Author  considered  the  pyrometer  method  undoubtedly  superior, 
and,  with  his  system  of  two  furnaces,  could  be  practised  by  a 
somewhat  unskilled  operator. 
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Further  experiments  are  needed  on  ring-gauges,  which  have 
laws  of  their  own  as  regards  diametric  distortion,  and  the  Author 
had  hoped  to  make  experiments  on  other  gauge  shapes. 

It  has  not  been  exactly  discovered  what  the  first  stages  of 
distortion  assume,  for  in  the  boy's  experiments  the  diameters  are 
all  decreased,  though  it  is  certain  they  increased  at  first.  It  was 
believed  that  a  barrel  shape  was  first  produced,  coupled  with  end 
swelling,  but  careful  test  has  shown  a  festoon  shape  on  the  rim,  and 
it  must  be  always  remembered  that  Nature  insists  on  keeping  the 
volume  constant. 

Instead,  however,  of  waiting  till  all  these  facts  could  be  obtained, 
it  appeared  wiser  to  make  known  the  results  that  had  already  been 
acquired,  in  order  that  screw-gauges  might  be  produced  more  easily 
and  accurately  by  every  manufacturer  in  a  time  of  great  need. 

The  fact  of  the  emulsive  constitution  of  steel  at  Arl  led  the 
Author  to  believe  that  gauges  quenched  on  this  line  would  not  be 
thoroughly  hard.  He  was  glad  to  say  that,  on  the  contrary,  he 
had  found  them  in  every  case  to  be  glass  hard.  It  must  not  be 
forgotten  that  the  process  of  hardening  by  casing  in  cyanide  produces 
a  high-carbon  steel  at  the  surface,  while  the  interior  remains  in  the 
mild  state,  and  this  may  have  something  to  do  with  it. 

The  most  important  of  the  conclusions  arrived  at  in  this  Paper 
are : — 

(a)  The  second  law  of  Hardening  is  essentially  proved. 

(b)  A    temperature  of   minimum  distortion  that  can    be  relied 

upon  is  700°  C.  (1,292°  F.). 

(c)  No  variation  is  allowable  above  700°  C. 

(d)  An  allowance  of  10°  below  700°  C.  is  practically  permissible. 
The  Author's  thanks  are  due  to — The  London  County  Council 

Education  Department,  who  provided  the  apparatus,  and  allowed 
of  its  use  ;  to  Mr  E.  W.  Eager,  the  Author's  works  manager  on 
screws,  who  prepared  and  tested  the  specimens ;  and  to  Mr.  F.  A. 
Thompson,  who  gave  the  swelled  specimens ;  also  to  many 
manufacturers,  who  very  kindly  assisted  the  demands  of  the 
investigations. 

The  Paper  is  illustrated  by  Figs.  1-14  in  the  letterpress. 
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THE  HARDENING  OF  SCREW-GAUGES  WITH  THE  LEAST 
DISTORTION  IN  PITCH. 

(Referring  to  Oil  Hardening.) 


By  the  late  WILFRID  J.  LINEHAM,  B.Sc,  of  the  Goldsmiths' 
College,  London,  Member. 

(Revised  by  Mr.  G.  T.  White,  B.Sc,  of  the  Goldsmiths'  College,  London.) 


The  first  Paper  was  complete  in  itself.  A  quenching  temperature 
of  700°  C.  (1,292°  F.)  was  indicated  as  the  position  of  smallest  stable 
distortion  in  length  under  the  conditions  carefully  stated.  There 
were  six  sets  of  experiments  (Experiments  1  to  6),  and  the  time  of 
casing  in  cyanide  was  about  half-an-hour,  calculated  to  produce  a 
case  of  about  0*003  inch.     It  should  be  noted  that  the  experiments 

Fig.  15. — Gauges  used  in  Experiments. 
For  Figs.  16  to  19,  24,  24a,  25  and  25a.  For  Figs.  26  to  29. 
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did  not  actually  prove  more  than  was  claimed  in  the  Paper,  and 
nothing  was  made  evident  regarding  any  other  possible  conditions. 
Continuing  his  experiments,  the  Author  subsequently  found  other 
important  results,  which  are  now  described  in  this  second  Paper. 

Experiment  7  {22nd  May  1918). — An  actual  screw-gauge  was 
prepared  to  the  dimensions  in  Fig.  15a.  This  was  screwed  in  the 
lathe  to  0'0002  inch  minus  in  total  pitches  and  to  the  diameters 
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shown  in  the  chart,  Fig.  IG.  It  was  cased  in  barium  carbonate  and 
bone  black  for  two  hours  at  a  temperature  estimated  at  800°  to 
850°  C.  (1,472°  to  1,562°  F.).  It  was  immediately  afterwards 
transferred  to  the  cyanide  bath,  which  stood  at  770°  C.  (1,418°  F.), 
allowed  a  quarter  hour  to  even  up,  and  another  quarter  to  lower  to 
695°  C.  (1,283°  F.),  at  which  temperature  it  was  quenched  in  water 
at  about  15°  C.  (59°  F.). 

The  results  of  this  test  are  shown  in  Fig.  16,  from  which  it  will 
be  seen  that  the  length  increased  by  0' 0011  inch,  while  the  diameters 
were  enlarged  by  about  0-0022  inch,  the  festoon  shape  being 
definitely  formed  on  the  rim.  It  is  evident  that  the  extension  of 
0'0002  inch  found  in  the  previous  Paper  is  only  correct  for  gauges 
cased  for  half-an-hourin  cyanide  and  does  not  apply  to  the  treatment 
under  present  consideration. 

Experiment  8  {24:th  May  1918). — A  similar  screw-gauge  was 
heated  for  one  hour  in  cyanide  and  afterwards  quenched  at  695°  C. 
in  water  (Fig.  17).  The  extension  is  now  0*0007  inch,  and  the 
increase  in  diameter  about  0"0016  inch.  It  should  be  noted  that 
the  gauge  has  a  long  screw,  and  the  experiment  rather  suggests  that 
length  is  a  factor  in  total  extension. 

Experiment  9  {iith  May  1918). — This  gauge  is  another  repetition 
of  that  in  Fig.  15a  (page  467),  and  the  results  of  cyanide  casing  for 
one  hour  with  a  quenching  from  695°  C.  in  water  are  given  in  Fig.  18. 
The  extension  in  length,  0*00066  inch  is  only  a  trifle  better  than 
the  last  gauge:  while  the  diameter  change,  averaging  0*0017,  is 
about  the  same,  but  it  is  much  more  variable.  The  general  result 
of  Experiments  8  and  9  is  to  suggest  a  stable  extension  of  0*0007 
inch  under  the  exact  conditions  given. 

Experiment  10  {25th  May  1918). — The  same  form  of  gauge, 
after  heating,  was  cooled  in  cold  machine  oil,  and  the  chart  in  Fig.  19 
shows  an  essentially  unaltered  condition  on  all  dimensions.  The 
quenching  temperature  was  700°  C.  (1,292°  F.).  The  use  of  oil  as 
a  quenching  medium  was  entirely  due  to  the  initiative  of  Mr.  E.  W. 
Eager,  and  the  result  is  indeed  remarkable.  The  hardness  was  tested 
with  a  new  file,  and  no  kind  of  scratch  was  obtainable.  The  Author's 
attempts  to  eliminate  lapping  seemed  reasonably  in  sight,  and  it 
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was  decided  to  attack  the  subject  afresh  by  the  use  of  specimens 
as  in  the  first  Paper. 

Experiment  11  (27<A  May,  1918).— Seven  cylindrical  specimens 

Fig.  20. — Eocperiment  11.     Heated  for  1  Iwur  in  cyanide  at  770^  C, 
and  quenched  from  temperatures  given  in  oil  at  22°  to  29°  C. 

QUENCHING     TEMP.     ">C. 
*  745  730  715  700  685  670  655° 


=>  -2 


Fig.  21.— Experiment  12.    Heated  for  1  Tiour  in  cyanide  at  IIQP  C. 
and  quenched  in  oil  from  temperatures  given. 


7C0  C85 

QUENCHING     ^EMp.      0(^  ^ 


Fig.  22. — Experiment  13. — Heated  for  1  liour  in  cyanide  at  770""  C, 
and  quenched  in  oil  from  temperatures  given,  oil  at  20°  C. 

c  —1 


730 


715 


QUENCHING     TEMP.     °C. 


were  provided,  each  about  -^^  inch  diameter  and  0'7  inch  long,  of 
J  and  L  steel,  0'  14  per  cent  carbon.  They  were  heated  in  cyanide  for 
one  hour,  and  quenched  from  the  temperatures  given  in  Fig.  20  in 
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oil  at  from  22°  to  29°  C.  (72°  to  84°  F.).  The  mode  of  measurement 
was  as  described  in  the  first  Paper,  and  the  distortions  were  taken 
on  length  only.  The  hardness  in  this  and  the  following  experiments 
was  excellent.  In  every  case  there  is  a  decrease  in  length,  but  the 
amount  is  generally  very  small.  The  best  temperatures  are  between 
700°  C.  and  730°  C.  (1,292°  F.  and  1,346°  F.). 

Experiment  12  {2Sth  May  1918). — The  distortions  are  all  extensions, 


Fig.  23. — Comparison  of  the   Distortion   Curves.      The  curves  show 
changes  in  length  only. 


Fig.  21 ,  and  their  amounts  somewhat  larger  on  thfe  whole,  though  not 
really  great.    No  good  law  is  yet  apparent. 

Exj)eriment  13  {bth  June,  1918). — The  distortions  are  again 
plus,  Fig.  22,  but  they  are  much  larger  than  in  the  two  previous 
cases.  This  the  Author  believed  to  be  entirely  due  to  the 
fact  that  the  material  was  unannealed  beforehand,  while  in 
Experiments  11  and  12  the  marterial  was  annealed.  It  is  found  that 
with  annealed  gauges  the  first  two  experiments  can  be  repeated 
nearly  every  time,  and  Experiment  13  may  be  viewed  as  abnormal, 
although  it  has  a  certain  value  in  the  way  of  comparison,  as  follows. 
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Applications  of  the  Hardening  Law  for  Oil.     1  Hour  Cased. 

Quenched  at  lir  C.  (l-,323^  F.), 

Fig.  24. — Diametral  Distortion, 


- 

Before 
Hardeuiug. 

After 
Hardeuing. 

After 
Lapping. 

.   F- 

1-1495 

1-1500 

1-1494 

M. 

1-1498 

1-1504 

1-1494 

u: 

'  B. 

1-1498 

1-1504 

1-1494 

F. 

1-1171 

1-1180 

1-1174 

<D 

«    1 

M. 

1-1170 

1-1177 

1-1174 

w 

s 

^  B. 

1-1170 

1-1179 

1-1174 

F. 

1-0862 

1-0864 

1-0858 

M. 

1-0861 

1-0864 

1-0858 

\o 

B. 

1-0862 

1-0864 

1-0857 

Further  Applications. 
Fig.  25. — Diametral  Distortion, 
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Fig.  24a. — Ap2}lications  of  the  Hardening  Law  for  Oil. 

1  Uour  Cased.    Quciuhed  at  717°  C. 
Curves  of  Pitch  Error. 
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Fia.  25a. — Further  Ai>plications. 
Curves  of  Pitch  Error. 
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In  Fig.  23  the  three  curves  are  compared  on  a  common  base.  No 
crossing  law  can  be  found  as  in  the  first  Paper,  but  a  curious  "  stream- 
line "  effect  is  noticeable,  and  a  minimum  or  dip  in  the  curves  at 
the  temperature  of  717°  C.  (1,323°  F.).  This  temperature  is  therefore 
indicated  as  that  of  least  distortion  on  quenching,  and  is  that  which 
the  Author  definitely  adojited  in  screw-gauge  manufacture. 

A'pplications  of  the  hardening  law  for  oil  are  next  given  in  Figs. 
2-i  to  29.  The  charts.  Figs.  24-25,  and  diagrams,  24a  and  25a,  show 
at  a  glance  the  results  of  the  application  of  the  quenching 
temperature  of  717°  C,  both  on  diametral  and  pitch  distortion. 

In  Fig.  24,  the  respective  gauge  in  Fig.  15a  (page  467)  was 
screwed  without  serious  error  and  was  reduced  in  total  length  by 
hardening  to  the  extent  of  0*0001  inch.  As  the  diameters  had 
been  turned  a  little  large,  lapping  had  to  be  used,  but  the  effect 
was  good,  and  the  final  gauge  was  only  about  0*00005  inch  short. 

In  Fig.  25a  the  three  curves  at  bottom  of  diagram  show  only 
small  changes  due  to  hardening  and  lapping.  The  most  serious 
change  is  that  due  to  lapping,  which  has  caused' a  difference  between 
the  readings  at  0°  and  180°  of  the  gauge  circumference.  This  clearly 
indicates  that  a  small  thickness  of  surface  removed  may  warp  a 
gauge,  just  as  a  shaving  taken  off  timber  will  do,  by  releasing 
internal  stress. 

The  remaining  diagrams.  Figs.  26-29,  which  show  the  final 
combinations  only  for  the  smaller  gauge.  Fig.  15b  (page  467),  each 
exhibit  distinctive  features  worthy  of  study.  What  is  claimed 
generally  is  that  screw-gauges  can  now  be  produced,  which  if 
screwed  to  correct  pitch,  in  a  lathe  having  a  correcting  bar,  and  to 
diameters  which  are  two-thirds  of  the  limit  below  high  and  one-third 
above  low,  and  hardened  by  quenching  from  717°  C.  in  oil,  will  not 
need  to  be  lapped  at  all,  but  merely  polished  with  a  little  rouge  or 
other  fine  powder.  The  advantage  is  a  great  saving  in  time  and 
cost,  both  important  in  wartime,  for  two-thirds  of  the  cost  of  a 
gauge  often  lies  in  the  lapping.  Even  if  lapping  has  to  take  place, 
it  need  not  be  more  than  the  very  smallest  amount,  but  the  great 
majority  of  the  gauges  should  not  be  lapped  at  all.  The  best  ideal 
is  to  try  and  retain  the  perfect  work  that  a  good  lathe  produces, 
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for  lapping  nearly  always  distorts.  The  only  advantage  that 
laj)ping  possesses  lies  in  its  partial  elimination  of  bad  periodic 
errors,  but  these  again  can  be  overcome  in  the  lathe  itself. 


Pigs.  26  to  29.~Furt]ier  Applications. 

COMBINATIONS. 
AFTER      LAPpi^^^  FIG. 26. 

PITCHES 
H 1 1 


FIG.29. 


,0&^»^ 


AFTER      HARDENING 


The  conclusions  drawn  from  this  Paper  are  : 

(1.)  Hardening  screw-gauges  in  oil,  after  casing  in  cyanide, 
can  be  performed  with  less  distortion  than  if  water  is 
the  quenching  medium. 
(2.)  The  temperature  of  717°  C.  (1,323°  F.)  is  the  best  heat 
at  which  to  quench. 

2   K 
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(3.)  By  screwing  gauges  to  accurate  pitch  and  to  diameters 

at  two-thirds  below  high  limit  and  one-third  above  low 

limit,  lapping  can  be  dispensed  with. 

The  Author  tenders  his  best  thanks  to  The  London  County 

Council  Education  Department,  who  provided  the  apparatus,  and 

allowed  of  its  use,  and  to  Mr.  E.  W.  Eager,  the  Author's  works' 

manager  on  screws,  who  prepared  and  tested  the  specimens. 

The  Paper  is  illustrated  by  Figs,  15-29  in  the  letterpress. 


Discussion  in  London,  2'Srd  April  1920. 

The  President  said  that,  before  asking  Mr.  G.  T.  White  to 
give  an  abstract  of  the  Papers  by  the  late  Mr.  Lineham,  he 
wished  to  express  the  regret  that  he  and  the  members  felt  that 
Mr.  Lineham  was  no  longer  with  them. 

Mr.  G.  T.  White  said  that,  before  reading  an  abstract  of  the 
Papers,  he  desired  to  express  his  own  personal  sorrow  at  the  fact 
that  the  Author  was  unable,  owing  to  his  death,  to  be  present  to 
road  the  Papers  himself.  It  was  especially  grievous  to  him  because 
of  his  long  association  with  Mr.  Lineham  as  his  chief  assistiint, 
and  as  having  witnessed  Mr.  Lineham's  efforts — he  might  say  his 
struggles — to  find  and  to  establish  some  effective  system  of 
producing  hardened  steel  screw-gauges  in  quantity.  He  had  seen 
Mr.  Lineham  succeed  in  that  direction,  and  then  break  down  in 
health  completely.  Consequently  when  the  Council  had  asked  him 
(Mr.  White)  to  revise  the  Papers  in  accordance  with  certain 
criticisms  of  the  examiners,  he  had  looked  upon  it  as  his  duty  to 
do  so  in  memory  of  his  old  chief.  He  also  felt  that  it  was  due  to 
Mr.  Lineham  to  see  that  nothing  was  inserted  in  the  Papers  that 
could  be  chissed  as  his  (Mr.  White's)  work,  and  not  Mr.  Lineham's, 
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and  the  Papers  as  the  members  had  them  were  an  honest 
endeavour  to  do  justice  to  the  examiners'  criticisms  and  to  the 
Author's  original  matter. 

On  the  motion  of  the  President,  a  vote  of  thanks  was  accorded 
to  Mr.  White  for  bringing  the  Papers  before  the  Institution. 


The  President  said  he  thought  the  members  would  appreciate 
that  Mr.  White,  instead  of  merely  cutting  out  parts  of  the  Papers, 
had  written  a  special  abstract  which  gave  a  much  better  idea  of 
their  general  trend.  As  a  matter  of  fact,  it  was  a  case  of  "  coming 
events  casting  their  shadows  before  them,"  because  that  afternoon 
the  Council  had  appointed  a  Committee  to  deal  with  and 
"  stage-manage "  the  discussions.  That  Committee  would  consist 
of  himself  (ex  officio),  Mr,  PatcheU,  Mr.  Pendred,  and  Mr.  W.  J. 
Marshall,  who  was  not  a  Member  of  the  Council.  It  was  hoped 
that  great  advantage  would  accrue  to  the  discussions  by  the  eflforts 
of  that  Committee. 

With  regard  to  Mr.  Lineham's  Papers,  they  referred  to  a  most 
important  detail,  although  some  years  ago  a  detail  of  that  kind 
would  have  been  regarded  as  somewhat  superfluous.  The  great 
accuracy  required  was  due  to  standardization  and  mass  production. 

He  had  little  to  say  on  the  Papers,  but  he  would  like  to  call  the 
members'  attention  to  the  curves  in  Figs.  7-14  (pages  462-4). 
They  were  a  good  example  of  the  use  that  could  be  made  of  curves. 
Looking  at  the  curves  in  Figs.  7-12,  it  seemed  as  if  there  was  no 
law  of  any  sort  or  kind,  but  on  turning  to  Fig.  13  the  law  was 
immediately  obvious.  The  curves  in  Fig.  23  (page  472)  (oil- 
quenching)  were  however  not  so  satisfactory  in  this  respect.  The 
point  he  desired  to  make  was  that  by  plotting  a  series  of  curves, 
and  superposing  them,  laws  of  nature  could  be  determined  and 
discovered. 

Col.  R.  E.  13.  Cromptok,  C.B.,  R.E,  (T.),  said  that  it  was  not  a 
pleasant  task  to  criticize  with  any  degree  of  severity  posthumous 

2  K  2 
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Papers  such  as  those  before  the  Meeting.  It  was  unfortunate 
that  Mr.  Lineham  ajipeared  to  have  been  a  self-contained  man,  and 
had  not  troubled  to  find  out  what  others  had  been  doing.  If  he 
had  gone  to  the  oflSces  of  the  Engineering  Standards  Association, 
he  would  have  been  informed  that  three  members  of  the  late 
Sir  Frederick  Donaldson's  Screw-Gauge  Committee  had  occupied 
themselves  for  several  years  on  the  same  class  of  investigation. 
In  fact  they  had  gone  over  the  same  ground,  made  the  same 
experiments,  and  found  that  it  was  difficult,  if  not  impossible,  to 
control  the  distortion  of  water-quenched  objects,  that  oil-quenching 
oflered  advantages,  and  that  there  was  no  difficulty  in  producing 
cjise-hardened  gauges  of  sufficient  accuracy,  but,  he  should  add,  of 
insufficient  hardness  and  durability. 

Unfortunately  the  Paper  was  concerned  with  the  production  of 
screw-gauges  and  gauges  only,  whereas  the  Screw-Gauge  Committee 
had  realized  from  the  first  that  the  tap  was  the  master  of  the 
situation,  that  there  was  no  use  in  hardening  accurate  gauges  if  the 
taps  used  to  cut  the  nuts  were  themselves  inaccurate.  So  that  the 
determination  of  the  means  of  hardening  taps,  with  a  minimum  of 
pitch  and  diameter  distortion,  had  since  the  death  of  IVIr.  Clements, 
of  the  Birmingham  Small  Arms  Co.,  fallen  to  the  speaker,  and 
for  the  past  sixteen  yeai"s  he  had  spent  much  time  on  it.  The 
all-important  question  of  pitch  error  in  screws  as  afl'ecting  their 
interchangeability  was  first  noticed  and  discussed  in  Sir  Joseph 
"VVhitworth's  lifetime,  when  the  British  Association  Committee  was 
formed  at  the  instigation  of  Sir  William  Preece  to  investigate  the 
best  means  of  obtaining  a  good  fit  with  small  screws,  so  that  the 
minds  of  engineers  had  been  directed  to  this  matter  for  over  thirty 
years. 

The  War  had  caused  a  sudden  demand  for  the  production  of 
screw-gauges  of  a  high  degree  of  accuracy  and  in  great  quantity. 
The  National  Physical  Laboratory  had  prepared  a  great  deal  of 
useful  information  for  the  new  screw-gauge  industry,  but  in  spite  of 
all  they  could  do,  the  case-hardened  gauges  such  as  those  described 
in  the  Papers  could  not  be  considered  the  successful  solution  of  the 
problem   of  obtaining  tne  requisite  interchangeability,  that  is  to 
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say,  unless  very  great  tolerances  were  allowed  on  the  work,  to 
compensate  for  several  factors,  one  being  the  wear  of  the  gauges 
themselves,  another  being  the  roughness  and  dirtiness  of  the  newly- 
finished  screwed  material.  For  this  reason,  he  believed,  and  he 
thought  that  he  had  the  majority  of  the  makers  of  screwed  work 
with  him  when  he  said,  that  other  means  had  to  be  found  to  obtain 
accurately  fitting  screwed  work  which  would  be  interchangeable. 
This  could  not  be  done  by  gauges  alone,  and  optical  methods  had 
to  be  substituted. 

Turning  now  to  the  Papers  themselves,  it  was  necessary  to 
point  out  one  or  two  important  .errors  which,  if  allowed  to  pass, 
might  greatly  mislead  readers  of  the  Proceedings.  The  first  law  of 
hardening  was  incorrectly  stated  (page  451),  and  as  given  was 
absolutely  wrong.  All  carbon  alloys  at  900°  C.  (1,652°  F.)  were 
non-magnetic,  whereas  after  quenching  and  returning  to  the  lower 
temperatures  they  were  magnetic,  so  that  the  Author's  assertion 
that  sudden  quenching  after  heating  retained  the  steel  in  the 
condition  in  which  it  was  at  the  quenching  temperature,  that  is  to 
say,  in  a  non-magnetic  and  soft  condition,  was  precisely  the  reverse 
of  what  the  Author  intended  to  say.  This  was  a  metallurgical 
question  ;  metallurgists  agreed  that  just  above  the  top  absorption 
point  the  carbon  alloys  consisted  of  nothing  but  solid  solution,  but 
if  a  large  piece  weighing  more  than  1  lb.,  such  as  a  large  gauge  or 
a  large  tap,  were  quenched  just  above  the  top  absorption  point,  the 
solid  solution  would  decompose  into  troostite,  which  of  course  was 
not  the  condition  it  was  in  at  the  quenching  temperature. 

The  Author's  second  law  of  hardening  was  also  wrong,  in  fact 
dangerously  misleading,  for  although  it  was  true  that  quenching 
while  crossing  the  recalescent  point  pi'oduced  minimum  distortion, 
it  did  not  give  sufficient  hardness,  so  that  all  quenching  temperatures 
must  be  from  above  the  recalescent  point,  as  the  Author 
acknowledged  later  in  the  Papers. 

The  Author  pointed  out  (page  453)  that  the  Wild-Barfield 
process,  which  depended  on  the  change  of  magnetic  properties, 
was  a  success,  which  was  perfectly  true,  but  he  ought  to  have  stated 
that  one  of  the  Members  of  the  Council,  Mr.  William  Taylor,  of 
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Leicester,  had  discovered  that  fact  long  ago,  and  that  Taylor's 
apparatus  was  extraordinarily  useful  for  the  hardening  of  small 
articles ;  this  was  equally  true  of  the  Wild-Barfield  process,  hut 
neither  process  was  successful  with  large  objects  and  for  the  same 
reason  given  above,  that  for  the  larger  articles,  in  order  to  get  the 
necessary  rate  of  cooling  through  the  carbon  change-point,  a  higher 
initial  temperature  (which  varied  with  the  mass)  than  that  which 
could  be  given  by  the  magnetic  change-point  was  necessary ; 
consequently  the  larger  masses  fell  away  and  got  quenched  before 
their  proper  time. 

In  conclusion,  he  was  glad  of  the  opportunity  of  informing  the 
members  of  the  Institution  that  some  progress  had  been  made  in 
minimizing  distortion  of  tap  steels,  and  that  he  had  hopes  that 
they  might  be  able  to  produce  taps  commercially  within  very 
narrow  percentages  of  pitch  error.  This  matter  had  now  become 
the  special  study  of  a  Panel  of  the  Cutting  Tools  Research  Committee 
appointed  by  the  Institution,  and  in  this  case  much  time  and 
thought  had  been  spent  in  getting  together  a  very  complete 
bibliography  of  the  matter,  and  he  hoped  that  rapid  work  would 
follow.  It  was  necessary  that,  in  order  to  progress,  engineers 
should  pool  their  ideas,  as  isolated  work  was  very  often  time 
wasted,  and  he  thought  that  they  should  freely  interchange  ideas 
with  American  engineers  who  were  as  keenly  interested  in  this 
matter  as  they  were  themselves. 

Mr.  J.  F.  Driver  said  it  was  stated  on  page  454  that  blanks  from 
0*14  per  cent  carbon  steel  could  be  cut  with  a  polish.  It  would  be 
interesting  to  know  what  cutting  compound  was  used  and  whether 
the  blanks  were  subjected  to  any  previous  heat-treatment,  and,  if 
so,  whether  steps  were  taken  to  ascertain  that  the  total  carbon- 
content  of  the  steel  was  the  same  after  treatment  as  before.  At 
the  Loughborough  Technical  College  it  was  the  custom  to  use  steel 
having  0*2  per  cent  carbon.  After  roughing  down,  the  blanks 
were  embedded  in  charcoal  and  heated  at  a  temperature  of  850°  C. 
(1,562°  F.)  for  four  hours.  They  were  then  allowed  to  cool  down 
and  were  reheated  to  830°  C.  (1,526°  F.)  and  quenched  in  water  at 
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20°  C.  After  that  they  were  tempered  by  immersion  in  a  salt  bath 
containing  tempermelt  at  a  temperature  of  370"  C  (698"  F.).  In 
that  condition  the  blanks  had  a  hardness  of  about  67  by  scleroscope, 
which  was  just  soft  enough  for  a  cutting  tool  to  work  upon  them, 
and  an  excellent  finish  was  received.  The  point  that  was 
interesting  was  that  in  all  cases  the  carbon  content  of  the  steel 
appeared  to  increase.  The  previous  day  he  had  had  a  piece  of  0  •  1 5 
per  cent  carbon  steel  treated  in  that  manner,  and  a  very  careful 
analysis,  taken  from  drillings  down  the  centre  core  of  the  steel — 
not  in  the  casing — showed  that  the  carbon  content  rose  from  0*15 
to  0*23  per  cent. 

He  would  like  to  know  why  sodium  cyanide  was  used  in 
preference  to  potassium  cyanide,  unless  it  was  on  account  of  the 
cost.  In  that  connexion  he  would  like  to  suggest  that  the  pyromelt 
store  furnace  mentioned  in  the  Papers  was  unnecessary.  Experience 
showed  that,  if  the  gauge  were  taken  from  the  cyanide  bath  and 
put  straight  into  an  ordinary  muffle  furnace,  sufficient  cyanide 
clung  to  the  surface  to  prevent  any  appreciable  scale  forming.  It 
would  be  interesting  to  know  at  what  temperature  the  pyromelt 
bath  was  maintained,  and  what  was  the  estimated  fall  in 
temperature  of  the  gauge  in  its  passing  from  the  pyromelt 
bath  to  the  quenching  bath.  Experience  showed  that  specimens 
of  commercial  steel  varied  considerably,  and  he  would  like  to 
know  whether  the  seven  specimens  in  the  tests  were  taken 
from  the  same  bar  and  whether  the  analyses  given  were  verified 
by  experiment. 

Annealing  was  mentioned  in  one  portion  of  the  Papers,  and 
more  details  of  that  would  be  of  interest.  He  inquired  whether 
water  hardening  at  700°  C.  and  oil-hardening  at  717°  C.  were 
suggested  for  all  classes  of  steel,  irrespective  of  their  carbon  content. 
It  was  mentioned  that  the  specimens  were  glass  hard.  He  had 
had  to  do  years  ago  with  thousands  of  samples  of  mild  steel 
hardened  in  cyanide,  and  he  had  never  met  one  which  could  be 
classed  as  glass  hard.  In  his  opinion  a  file  test  was  unreliable.  It 
was  to  be  regretted  that  hardness  numbers  had  not  been  given. 
Glass   hard  was  usually  reckoned  as  100  on  the  scleroscope  scale. 
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although  it  was  quite  easy  to  scratch  glass  with  a  hardness  number 
of  95.  lie  had  scratched  steel  showing  a  hardness  number  of 
103  with  an  ordinary  file — a  selected  file,  it  was  true.  He  had  a 
number  of  samples  with  him  of  gauges  hardened  in  various  cyanide 
baths,  and  found  that  the  average  for  water  hardening  gave  a 
scleroscope  number  of  85,  and  for  oil  hardening,  by  the  methods 
suggested  in  the  Papers,  the  average  hardness  number  was  67. 
Steel  having  a  hardness  of  67  was  easily  filed  ;  85  was  easily  filed  ; 
whilst  a  good  file  would  cut  95. 

The  distortion  of  the  gauge  radially  was  dealt  with  on  page  473, 
and  he  would  like  to  know  whether  the  gauge  maintained  its 
cylindrical  shape.  He  rather  suggested  that  the  gauge  would  go 
oval.  It  appeared  to  him  that  a  gauge  which  went  oval  was  very 
difiicult  to  deal  with.  Both  the  examples  on  page  473  were  far 
beyond  the  tolerance  which  could  be  allowed  on  the  gauge.  It  had 
been  known  in  the  tool-room  for  many  years  that  turned  pieces  of 
steel  did  not  distort  longitudinally.  If  it  were  so,  it  would  be 
a  very  difficult  and  almost  impracticable  thing  to  make  a  tap  at 
all.  He  had  with  him  several  curves,  obtained  by  means  of  a 
pitch  measuring  machine,  of  a  number  of  samples  of  English  and 
American  taps.  Generally,  the  pitch  errors  of  those  taps  were 
within  the  limits  assigned  by  the  N.P.L.  for  gauges  of  the  sizes  in 
question.  He  suggested  that  the  distortion  radially  rather  than 
longitudinally  might  have  something  to  do  with  the  rolling  process. 
When  the  steel  was  rolled,  it  was  compressed  sideways  ;  it  was  free 
longitudinally.  He  had  a  sample  with  him  of  a  piece  of  mild  steel 
cut  from  a  3^-inch  diameter  bar  and  turned  across  its  diameter,  so 
that  the  grain  was  across  the  section.  That  piece  of  steel  when 
hardened  in  exactly  the  method  suggested  by  the  Author,  gave  a 
change  in  length  of  34/10,000,  whilst  its  maximum  change  in 
diameter  was  only  3/10,000  at  any  point.  In  other  words,  roughly 
speaking,  if  its  change  in  diameter  was  zero,  its  change  in  length 
was  great. 

A  Member  inquired  what  was  the  ratio  between  the  diameter 
and  the  length. 
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Mr.  Driver  replied  that  the  diameter  was  about  J  inch  and  the 
length  3  •  6  inches,  taken  from  a  3|-inch  bar.  He  had  taken  tests 
of  some  samples  of  high  carbon  steel  which  were  hardened  in  a 
vertical  tube  furnace.  The  samples  had  been  made  a  considerable 
time  ago,  and  he  dared  not  give  the  change  in  size  due  to  ageing 
without  further  examination  of  other  samples  which  he  had,  as  it 
was  so  extraordinary  that  he  might  be  criticized.  The  change  was 
great,  due  to  ageing,  but  in  hardening  this  high-carbon  steel, 
the  change  in  length  was  1/10,000  inch,  whereas  the  change  due 
to  elliptical  distortion — because  the  cylindrical  piece  had  gone 
elliptical — was  6/10,000.  The  ratio  of  diameter  to  length  would 
be  about  3.  He  had  figures  of  gauges  hardened  in  cyanide  by 
various  methods  (see  pages  487-490),  but  one  thing  which  he 
would  like  to  suggest  was  that  other  liquids  than  oil  and  water 
might  be  tried. 

In  his  tool-room  experience  as  a  student,  great  success  had 
been  obtained  by  hardening  in  cutting  compound,  which  was  an 
emulsion  of  lard,  oil,  soda,  and  so  on,  and  this  seemed  to  make  a 
step  between  the  two  extremes.  He  had  also  seen  good  results  as 
regards  distortion  in  screw-gauges  hardened  in  urine  after  treating 
in  cyanide.  With  water  hardening  and  cyanide  bath  at  700°  C, 
and  subsequent  heating  in  a  mufile  furnace  at  750°  C,  the  average 
hardness  number  was  74  by  scleroscope,  and  the  elliptical  distortion 
was  comparatively  small,  the  maximum  being  8/10,000.  With 
water  hardening  with  the  bath  at  740°  C.  a  hardness  number  of  88 
was  obtained,  with  elliptical  distortion  slightly  greater.  With 
water  hardening  at  800°  C.  a  hardness  number  of  89  was  obtained, 
with  the  elliptical  distortion  still  greater.  If  one  had  the  bath  at 
a  low  temperature,  one  got  little  distortion  but  a  soft  gauge.  With 
oil  hardening  the  hai'dness  number  which  he  obtained  was  67,  with 
an  elliptical  distortion  of  7/10,000.  With  a  gauge  hardened  the 
previous  day  in  an  emulsion,  the  hardness  number  was  the  same 
as  the  oil  hardening  and  the  elliptical  distortion  was  less.  He 
would  like  to  show  later  the  curves  of  American  and  English  taps, 
showing  that  with  high-carbon  steel  he  had  obtained  the  same 
effects,  namely,  very  small  linear  distortion  and  large  distortion 
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across  the  diameter.     IFe  suggested  that  was  largely  due  to  the 
way  the  steel  was  rolled. 

With  the  amount  of  radial  distortion  shown  on  page  473  and 
those  in  the  Tables  annexed,  he  could  not  see  how  the  Author 
could  substantiate  the  claim  No.  3  (page  478),  which  stated  that  by 
screwing  gauges  to  accurate  pitch  and  to  diameters  at  two-thirds 
below  high  limit  and  one-third  above  low  limit,  lapping  could  be 


Figs.  30  to  33.— Mild  Steel  Gauge 
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dispensed  with.  If  it  had  been  found  possible  to  harden  and 
get  distortion  within  the  limits  required,  it  was  surprising  that 
examples  had  not  been  submitted.  The  following  tests  (Figs. 
30-33,  and  Tables,  pages  487-493)  were  made  in  the  Heat 
Treatment  Laboratory  of  the  Loughborough  Technical  College, 
under  the  supervision  of  Dr.  Bramley,  to  whom  he  was  indebted. 
Experiments  taken  some  time  ago  on  the  rates  of  cooling 
suggested  that  the  drop  in  temperature  during  the  passage  from 
the  cyanide  bath  to  the  quenching  bath  would  be  about  20°.  It 
was  probably  much  less  than  this  in  the  case  of  the  vertical  tube 
furnaces. 
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Mild  Steel  Gauges,  Fig.  32  (page  486). 

Carbon  content  of  bar  0  •  2  per  cent.  Rough  turned  and  heat  treated  as  previously 
explained.  After  finishing,  the  gauge  was  immersed  in  cyanide  of  potassium  at 
740^  C.  for  80  minutes  and  afterwards  quenched  in  water  at  20°  G. 
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Mild  Strd  Gouges,  Fig.  33  (page  486). 

Carbon  content  of  bar  02  per  cent.  Rough  turned  and  heat  treated  as 
previously  explained.  After  finishing,  the  gauges  wcro  immersed  in  cyanide 
of  potassium  for  IJ  hours  at  70U'  C,  heated  in  muOle  to  750'^  G.  for  15  minutes, 
then  quenched  in  icdter  at  20°  C. 


1 

_     1 

Before 
Hardening. 

Inches. 

(1-5002     1-4995 
h-500      1-4997 
|l-500      1-4995 

(1-5295     1-5294 
{1-5207     1-5294 
(1-5295     1-5298 

After 
Hardening. 

Change. 

Elliptical  I 
Distortion.  | 

1 

1      1 

Full. 

1 

Inches. 

1-5005     1-5000 
1-5007     1-5003 
1-5004    1.5000 

Inch. 

4-0-0003  +0-0005 
+0-0007  +0-0006 
+0-0004  +0-0005 

Inch. 

0-0002 
0-0001 
0-0001 

Effective 

(over 
needles)! 

1-5305 
1-5310 
1-5310 

1-5290 
1'5805 
1-5305 

+0-0010  -0-0004 
+  0-0013  +0-0009 
+0-0015  +0-0012 

-00002  -0-0003 
-0-0002  +0-0002 
+0-0008  +0-0004 

0-0014 
0-0004 
0-0003 

0-0001   : 

0-0004 
0-0004 

Core 
(over  vee 
pieces). 

(1-6297     1-6296 
1 1-6297     1-6298 
(1-0297     1-6291 

1-6295 
1-6295 
1-6305 

1-6293 
1-6295 
1-6295 

Hardness    j 
bySclero-  [            75 
scope.       ) 

Total  pitc 

— 

— 

h  change 

less  than  0-0001  inch. 

Inches. 

(1-500      1-500 

Full.       1  1-500       1-500 

|l-500       1-500 

Inches. 

1-500      1-500 
1-5003     1-5005 
1-5002    1-500 

Inch. 

+0-0000  +0-000 
+0-0003  +0-0005 
+0-0002  +0-0000 

Inch. 

0-0000    ; 

0-0002      1 
0-0002 

Effective 

(over 
needles). 

Core 
(over  vee 
pieces). 

1-5295     1-5294 
1-5297     1-5294 
1-5295     1-5298 

(1-6295     1-6297 
h-6295     1-6295 
(1-6298     1-6295 

1-5290 
1-5295 
1-5293 

1-5288      -0-0005  -0-0006 
1-5296      -0-0002  +0-0002 
1-5290      -0-0002  -0-0003 

0-0001 
00004 
0-0001 

1-6290 
1-6294 
1-6294 

1-6800 
1-6297 
1-6300 

- 
-0-0005  +0-0003 
-0-0001   +0-0002 
-0-0004  +0-0005 

1 
1 

0-0008 
0-0003 
0-0009 

1 

Hardness 

by  Sclero- 

scope. 

[             72 

- 

Total  pitch  change  less  than  0-0001  inch. 
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Mild  Steel  Gauges,  Fig.  30  (page  486). 

Carbon  content  of  bar  0-2  per  cent.  Kough  turned  and  heat  treated  as 
previously  explained.  After  finishing,  gauge  was  immersed  in  potassium  cyanide 
for.  80  minutes  at  740'^  C.  and  afterwards  quenched  in  oil  at  24°  C. 


— 

Before 
Hardening. 

After 
Hardening. 

Change. 

Elliptical 
Distortion. 

Full. 

Inches. 

(1-2406     1-2498 

1-2495     1-2495 

(1-2495     1-2495 

Inches. 

1-2501     1-2513 
1-2505     1-2500 
1-2503     1-2500 

Inch. 

+0-0005  +0-0015 
+  0-0010  +0-0005 
+0-0008  +0-0005 

Inch. 

0-0010 
0-0005 
0-0003 

Effective 

(over 
needles). 

(1-3169    1-3170     1-3177     1-3180 
h-3167     1-31G5      1-3177     1-3172 
(1-3165     1-3166     1-3175     1-3180 

+0-0008  +0-0010 
+0-0010  +0-O0O7 
+0-0010  +0.0012 

0-0002 
0-0003 
0-0002 

0-0003 
0-0001 
0-0001 

Core 
(over  vee 
pieces). 

Hardness 

by  Sclero- 

scope. 

(1-4098     1-4097 
{1-4095     1-4095 
(1-4097     1-4099 

1-4102     1-4098 
1-4100     1-4099 
1-4098     1-4101 

+0-0004  +0-0001 
+  00005  +0-0004 
+  0-0001  +0-0002 

63 

70 

— 

— 

Mild  Steel  Gauges,  Fig.  30. 

Carbon  content  of  bar  0-2  per  cent.  Rough  turned  and  heat  treated  as 
explained.  Immersed  in  cyanide  of  potassium  for  1  hour  at  800^  C. ;  temperature 
of  bath  lowered  to  740°  C,  then  quenched  in  oil  at  20°  C. 


— 

Before 
Hardening. 

After 
Hardening. 

Change. 

Elliptical 
Distortion. 

Full. 

Inches. 

(1-2497    1-2495 

1-2494    1-2494 

(1-2494     1-2494 

Inches. 

1-2501    1-2503 
1-2500    1-2500 
1-2505     1-2500 

Inch. 

+0-0004  +0-0008 
+0-0006  +0-0006 
+0-0011  +0-0006 

Inch. 

0-0004 
0-0000 
0-0005 

Effective 

(over 
needles). 

(1-3174    1-3170 
h-8173     1-3170 
(1-8173    1-3172 

1-3184    1-3182 
1-3172    1-3183 
1-3175    1-3180 

+0-0010  +0-0012 
-0-0001  +0-0013 
+0-0002  +0-0008 

+0-0010  +0-0007 
+0-0007  +0-0000 
+0-0000  +0-0001 

0-0002 
0-0014 
0-0006 

0-C003 
0-0007 
0-0001 

Core 
(over  vee 
pieces.) 

(1-4099    1-4100 
h-4098     1-4099 
(1-4098    1-4100 

1-4109     1-4107 
1-4105     1-4099 
1-4098     1-4101 

Hardness 

by  Sclero- 

scope. 

1            60 

•   66 

— 

— 

Total  pitch  change  less  than  0*0001  inch. 
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Mild  Steel  Gauge,  Fig.  31  (page  486). 

Carbon  content  of  bar  0-2  por  cent.  Rough  turned  and  heat  treated  as 
previously  cxphiiuod.  After  finishing,  gauge  was  immersed  in  potassium  cyanide 
for  80  minutes  at  740'^  C,  and  afterwards  quenched  iu  "  Strong  Cutting 
Compound  "  Emulsion  at  23°  C. 


— 

Before 
Hardening. 

After 
Hardening. 

Change. 

Elliptical   I 
Distortion. 

Full. 

Inches. 

(1-3746     1-3746 
h-3746    1-3746 
|l-3746     1-3746 

Inches. 

1-3753    1-3754 
1-3760    1-3760 
1-3757     1-3766 

Inch. 

+0-0007  +0-0008 
+0-0004  +0-0014 
+0-0011  +0-0010 

Inch. 

0-0001 
0-0000 
0-0001 

1 

Effective 

(over 
needles). 

(1-4033    1-4031 

1 1-4030    1-4030 

1-4031     1-4029 

1-4039    1-4038 
1-4045     1-4044 
1-4045     1-4045 

+0-0006  +0-0007 
+0-0015  +0-0014 
+0-0014  +0-0016 

0-0001 
0-0001 
0-0G02 

Core 

(over  veo 
pieces). 

• 

(1-5035     1-5035 

1-5033     1-5030 
1 1-5031     1-5035 

1-6033    1-5033 
1-5033     1-5035 
1-5036    1-6034 

-0-0002  -0-0002 

0-0000  +0-0005 

+0-0005  -0-0001 

0-0000 
0-0005 
0-0006 

Hardness 

by  Sclero- 

scope. 

1            60 

66 

— 

! 

Total  pitch  change  less  than  0-0001  inch. 


Gauge  similar  to  tJiat  shown  in  Fig.  30  (page  486). 
Treated  as  above,  but  hardened  in  "Weak  Cutting  Covqjou^id"  Emulsion. 


Before 
Hardening. 

After 
Hardening. 

Change. 

1 
Elliptical  i 
Distortion.  | 

Inches. 

(1-3071     1-3075 

Pull.       h-3075     1-3070 

(1-3072    1-3075 

j 

Inches. 

1-3077     1-3079 
1-3082     1-3081 
1-3085    1-3081 

Inch. 

+0-0006  +0-0004 
+0-0007  +0-0011 
+0-0013  +0-0006 

Inch, 

0-0002 
0-0004 
0-0007      1 

Effective  ,{l-3250    1-3255 

,      (over      'h-3235     1-3235 

needles).     1-3237    1-3233 

1-826      1-32G4 
1-3244     1-3245 
1-325      1-3241 

+0-001     +0-0009 
+0-0009  +0-0010 
+0-0013  +0-0008 

0-0001 
0-0001 
0-0005 

Core       (1-5340    1-5386 

(overvee  7 1-5339     1-5340 
pieces).     [l-5339    1-5337 

1 

1-5335     1-5336 
1-5337     1-5340 
1-5341     1-5339 

+0-0005      0-0000 
-0-0002       0-0000 
+0-0002  +0-0002 

0-0005 
0-0002 
0-0000 

Hardness  i ) 
by  Sclero-   [             74 
scope.     1 1 

1 

80 

— 

Total  pitch  change  less  than  0-0001  inch. 
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Comparative  Tests  with  oil  and  water  quenching  after  casing  in  a  bath  of 
cyanide  of  potassium  for  1  hour  at  800°  C.,  which  was  afterwards  lowered  to 
740°  C.    Temperature  of  quenching  baths  20°  C. 

Mild  steel  test-pieces  0  -  2  per  cent,  carbon  heat-treated  as  previously  explained. 

Specimen  No.  4. 


— 

DUMETEES. 

Before 
Hardening 

After 
Hardening. 

Change. 

Elliptical 
Distortion. 

Water 
Hardened. 

Inch. 

(0-8764    0-8765 

0-8765     0-8765 

|0-8765    0-8764 

Inch. 

0-8766    0-8771 
0-8764    0-8762 
0-8766    0-8760 

Hardness  by 
Scleroscope  87. 

Inch. 

+0-0002  +0-0006 
-0-0001   -0-0003 
+  0-0001   -0-0004 

Inch. 

0-0004 

0-0002 

'  0-0005 

Specimen  No.  7. 


DiAMETEBS. 

Before 
Hardening. 

After 
Hardening. 

Change. 

Elliptical 
Distortion. 

Water 
Hardened. 

Inch. 

(0-8767    0-8766 
{0-8766    0-8766 
(0-8766    0-8765 

Inch. 

0-8768    0-8770 
0-8763    0-8761 
0-8765     0-8765 

Hardness  by 
.Scleroscope  89. 

Inch. 

+0-0001  +0-0004 
-0-0003  -0-0005 
-00001      0-0000 

Inch. 

0-0003 
0-0002 
0-0001 

Specimen  No.  6. 


— 

DiAMKTEBS. 

Before 
Hardening. 

After 
Hardening. 

Change, 

Elliptical 
Distortion. 

Oil 
Hardened. 

Inch. 

(0-8764    0-8765 
{0-8765    0-8766 
1 0-8765    0-8765 

Inch. 

0-8766    0-8765 
0-8768    0-8767 
0-8768    0-8768 

Hardness  by 
Scleroscope  67. 

Inch. 

+0-0002      0-0000 
+0-0003  +0-0001 
+0-0003  +0-0003 

Inch. 

0-0002 
0-0002 
0-0000 
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S})ecimen  No.  9. 


iiai{Di;nino  of  sckew-gaugks. 


Ai-uii.  19-20. 


Diameters. 


Before 
Hardening. 


After 
Hardening. 


Oil 
Hardened. 


Inch. 


Inch. 


Change. 


Elliptical 
Distortion. 


Inch. 


(0-8769 

1 0-8769 

0-8769 


0-87G0 
0-8761 
0-8701 


Inch. 

0-8768  0-8765  '  -0-0001  +0-0005  0-0006 
0-8772  0-8709  i  +0-0003  +0-0008  0-0005 
0-8772     0-8769      +0-0003  +0-0008        0-0005 

Hardness  by 
Scleroscope  62. 


Mild  steel  cylinder  0-2  per  cent  carbon.  Cut  from  3|  inches  diameter  bar  at 
right  angles  to  the  axis.  Heated  to  800'"  C.  for  one  hour  in  cyanide  bath,  cooled 
to  740-  C.  and  quenched  in  water  at  20''  C. 


— 

Before 
Hardening. 

After 
Hardening. 

Change. 

Elliptical 
Distortion. 

Diameter. 

Inch. 

JO- 7368    0-7368 
\0-7368    0-7368 

Inch. 

0-7366    0-7366 
0-7367    0-7365 

Inch. 

-0-0002   -0-002 
-0-0001   -0-0003 

Inch. 

0-0000 
0-0002 

Length. 

3-6170 

3-6203     3-6205 

0-0034 

— 

Mild  steel  cylinder  0-2  per  cent  carbon.     Taken  from  centre  core  of  3  inches 
diameter  bar.    Axis  of  cylinder  same  as  that  of  bar. 


— 

Before 
Hardening. 

After 
Hardening. 

1 

Diameter. 

Inch. 

'0-7835    0-7838 
0-7834     0-7837 
0-7833    0-7836 

1.0 -7834    0-7837 

Inch. 

0-7844    0-7848 
0-7844     0-7847 
0-7844     0-7846 
0-7837     0-7833 

Inch. 

+0-0009  +0-0010 
+  0-0010  +0-0010 
+0-0011  +0-0010 
+0-0003  -0-0004 

Inch. 

0-0001 
0-0000 
00001 
0-0007 

Length. 

3-7303 

3-7312 

0-0009 

— 
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Specimen  No.  5. 


Tool-Steel  Cylinder. 


Heated  in  atmosphere  of  coal  gas  at  740°  C.  for  45  minutes,  and  quenched  in 
water  at  20°  C.  without  being  allowed  to  come  into  contact  with  air. 


Before 
Hardening. 

After 
Hardening. 

Change. 

Elliptical 
Distortion. 

Diameter. 

Inch. 

(0-9477    0-9478 
{0-9477     0-9479 
(0-9477    0-9478 

Inch. 

0-9483    0-9490 
0-9483     0-9489 
0-9483    0-9488 

Inch. 

+0-0006  +0-0012 
+0-0006  +0-0010 
+0  0006  +0-0010 

Inch. 

0-OOOG 
0-0004 
0  0004 

Length. 

2-7586    2-7585 

2-7585 

/          —0-0001 
\          —0-0000 

— 

Hardness  by  Scleroscope  87. 


Tool-Steel  Cylinder. 


Specimen  No.  8. 

Heated  in  an  atmosphere  of  coal  gas  at  800°  C.  for  45  minutes,  and  quenched 
in  water  without  being  allowed  to  come  into  contact  with  air. 


— 

Before 
Hardening. 

After 
Hardening. 

Change. 

Elliptical 
Distortion. 

Diameter. 

Inch. 

(0-9G8G    0-9685 
{0-9687     0-968G 
(0-9690    0-9687 

Inch. 

0-9G96    0-9702 
0-9709    0-9710 
0-9696    0-9690 

Inch. 

+0-0010  +0-0007 
+0-0022  +0-0024 
+0-000G  +0-0003 

Inch. 

0-0003 
0-0002 
0-0003 

Length. 

2-8265    2-8265 

2-8264 

—0-0001 

— 

Hardness  by  Scleroscope  80. 


Mr.  G.  H.  Ayres  said  his  remarks  would  be  principally  in  the 
form  of  questions,  rather  than  by  definite  criticism.  In  the  first 
pLace,  dealing  with  water  hardening,  it  would  be  interesting  to 
know  whether  any  allowance  was  made  in  the  temperature  for 
cooling  in  passing  from  the  furnace  to  the  tank,  and,  if  so,  what 
allowance  was  actually  made.     He  would  also  like  to  know  whether 
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any  local  chilling  due  to  draughts  had  been  experienced.  With 
regard  to  tlie  remark  on  page  457  that  the  tank  was  provided  with 
inflow  and  outflow  cocks,  he  would  like  to  know  exactly  what  that 
meant.  Did  it  necessarily  mean  there  was  simply  an  inlet  and 
outlet  for  filling  the  tank  and  emptying  it,  or  did  it  imply  a 
regular  circulating  ^ystem  in  order  to  get  a  constant  temperature  ? 
He  noticed  tlirougnout  Paper  No.  1  there  was  no  mention  made  of 
the  actual  temperature  of  the  quenching  bath,  but  in  Paper  No.  2 
the  suggestion  was  made  on  page  470  that  the  temperature  of  the 
water  was  15°  C.  (59°  F.),  which  appeared  to  him  to  be  unusually 
low.  He  suggested  that  the  temperature  of  the  water  would  be 
between  20°  and  26°  C.  (68°  and  79°  F.),  which,  incidentaUy,  was  the 
temperature  given  for  the  oil.  Had  the  temperature  been  tested 
in  each  case  ?  There  was  the  suggestion  that  the  oil  was  22°  to  29°  C. ; 
did  that  imply  that  the  temperature  gradually  increased  from 
22°  on  the  first  experiment  to  29°  on  the  final  experiment,  or 
alternatively  what  was  the  actual  temperature  in  each  case  ?  It 
certainly  seemed  to  him,  in  view  of  the  physical  properties  of  oil 
and  water,  that  the  higher  temperature  should  have  been  for  water 
and  the  lower  temperature  for  oil.  A  few  experiments  which  he 
had  made  during  the  War,  but  which,  unfortunately,  he  was  not 
in  a  position  to  give  any  definite  figures  about,  led  him  to  suggest 
that  the  distortion  bore  some  definite  relation  to  the  quenching 
temperature  consequent  upon  the  actual  shock  received,  and  it 
appeared  to  him  that  in  many  cases  the  actual  conditions  of 
quenching  were  not  so  carefully  studied  as  the  actual  conditions 
of  releasing  an  article  to  be  quenched. 

With  regard  to  the  curves  on  pages  474-5,  the  curves  were  marked 
0°  and  180°,  and  he  gathered  that  referred  really  to  half -pitch. 
In  that  case  it  appeared  to  him  that  the  gauges  had  been  dropped 
horizontally,  and  the  distortion  was  caused  for  that  reason.  He 
certainly  suggested  in  a  case  like  that,  that  the  gauges  should  be 
dropped  vertically.  He  would  also  like  to  know  whether  any 
definite  experiments  had  been  carried  out,  using  a  layer  of  oil  on 
the  top  of  the  water — for  the  following  reason,  that,  whilst  in  a 
perfectly  plain  cylinder  the  layer  of  oil  might  have  no  effect  on 
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relieving  the  shock  caused  by  water  direct,  in  the  case  of  a  thread 
there  was  a  possibiUty  of  the  oil  being  carried  down  due  tb  the 
V-shape  of  the  thread.  He  would  like  to  know  whether  any 
experiments  had  been  made  in  that  direction.  It  might  be  possible 
even  to  reduce  the  distortion  caused  in  the  water  to  an  equivalent 
amount  to  that  of  the  oil,  and  also  to  get  the  reliability  which 
appeared  from  Fig.  13  (page  464),  where  all  the  curves  crossed  at 
the  one  point.     [^See  also  page  512.] 

Dr.  A.  Brimley  said  that  it  was  stated  near  the  bottom  of 
page  458  that  the  volume  of  the  piece  of  metal  depicted  in 
Fig.  5  *  had  not  changed  during  the  process  of  heating  to 
redness  and  quenching  in  cold  water  a  thousand  times,  and  that 
displacement  experiments  were  conducted  in  order  to  ascertain  this. 
This  point  was  emphasized  by  the  statement  (page  466)  that  "  Nature 
insists  on  keeping  the  volume  constant." 

It  would  be  interesting  to  know  exactly  how  the  displacement 
experiments  were  carried  out,  as  it  seemed  hardly  credible  that  the 
dimensions  of  pieces  of  steel  should  have  been  determined  with 
that  very  high  degree  of  precision  necessary  for  them  to  be  of  any 
use  in  a  test  of  volume  change,  and  then  handed  over  to  a  garage 
boy,  in  whose  hands  they  must  have  been  subjected  to  very  rough 
treatment  indeed  during  the  time  he  had  them.  Further,  after  all 
these  heatings  and  sudden  coolings,  what  must  the  state  of  the 
surface  be  ?  A  very  considerable  amount  of  oxidation  must  have 
taken  place,  and  it  was  quite  likely  that  scales  of  oxide  fell  off  at 
times.  It  would  be  most  interesting  to  know  what  the  state  of  the 
metal  Was  throughout  the  mass  of  one  of  these  very  much  distorted 
blocks  of  steel.  This  could  only  be  ascertained  by  cutting  the 
block  in  two,  preferably  through  a  plane  passing  through  the  axis 
of  the  disk.  The  statement  about  the  constancy  of  the  volume  of 
a  piece  of  steel  during  such  heat  treatment  as  it  receive^  when 
hardened  was  most  certainly  wrong,  as  his  own  examples  showed. 
In  Figs.  8,  9,  10,  11,  and  12  (pages  462-3),  the  changes  in 
length  produced  by  hardening  of  thirty-six  steel   cylinders  were 

*  See  revised  figures  (page  459),  and  Mr.  White's  Note  (page  529). 
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shown,  and  all  with  but  one  exception  showed  an  increase.  It  was 
unfortunate  that  the  changes  in  diameter  of  these  cylinders  were 
not  available,  but  it  was  stated  (page  465)  that  in  a  few  cases  which 
were  measured  there  was  always  an  increase  in  this  dimension. 
Obviously,  the  volume  increased  on  hardening,  and  Mr.  Lineham's 
figures  served  to  illustrate  this  fact  which  had  long  been  known, 
but  which  was  in  direct  opposition  to  the  statement  about  constancy 
of  volume  referred  toon  page  458  and  again  so  strongly  emphasized 
on  page  466. 

Grave  exception  must  be  taken  to  the  method  described  on 
page  461  of  deducing  the  most  favourable  temperature  at  which  to 
quench  the  steel.  The  curves  given  in  Figs.  8  to  11  showed  nothing 
in  common,  and  the  fact  that  when  they  were  all  superposed,  as  was 
done  in  Fig.  13  (page  464),  a  common  point  was  shown  at  700°  C. 
(1,292°  F.),  must  be  regarded  as  a  remarkable  coincidence,  rather 
than  indicative  of  &X)me  fundamental  law.  Had  the  curves  all 
shown  a  steady  fall  or  a  steady  rise  but  of  varying  gradients,  the 
case  might  have  been  different,  but  they  could  not  by  any  stretch  of 
imagination  be  said  to  resemble  each  other  in  any  respect.  Further, 
objection  must  be  taken  to  the  omission  of  the  curve  shown  in 
Fig.  7  in  the  final  deduction.  On  page  460  mention  was  made  of 
bulging  at  the  ends  of  the  cylinder  caused  by  hardening,  and  it  Avas 
understood  from  the  remarks  at  the  bottom  of  the  same  page,  that 
if  the  lengths  of  these  cylinders  had  been  determined  by  measuring 
near  the  edge  of  the  circumference  instead  of  near  the  axis,  the 
curve  so  obtained  would  have  fallen  below  that  given  in  Fig.  7  by 
an  amount  representing  the  height  of  the  bulge.  This  would  le.ad 
to  an  even  greater  discrepancy  than  that  actually  shown. 

The  irregular  variation  of  the  results  shown  was  not  at  all 
surprising,  because  the  great  majority  of  steel  hardeners  would  agree 
that  700"^  C.  was  too  low  a  temperature  for  the  bath  from  which  the 
article  had  to  be  transferred  to  the  quenching  bath.  The  margin 
between  700°  C.  and  the  temperature  at  which  transition  took  place 
was  too  small.  No  figures  were  given  for  the  hardness  of  the 
specimens,  but  the  statement  was  m.ade  on  page  466  that  in  every 
case  they  were  glass  hard.     Class  hard  was   a   very  vague   term. 
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Experiments  conducted  at  the  Technical  College,  Loughborough, 
had  led  them  to  the  conclusion  that  it  was  almost  impossible  to 
obtain  a  hardness  much  above  90  on  the  scleroscope  scale  by  the 
cyanide  process,  a  hardness  which  fell  considerably  short  of  100, 
which  was  taken  as  the  standard  for  glass  hard.  Quenching  in 
water  an  article  taken  out  of  a  salt  bath  at  700°  C.  might  result  in 
great  hardness  in  some  places,  but  there  would  be  very  grave  risk  of 
soft  patches,  a  risk  which  would  be  considerably  diminished  by 
quenching  from  a  somewhat  higher  temperature. 

As  regards  using  oil  instead  of  water  for  quenching,  it  was 
generally  agreed  that,  for  ordinary  carbon-steel,  the  hardness 
obtainable  by  quenching  in  oil  was  always  less  than  that  obtainable 
by  quenching  in  water.  For  example,  a  number  of  specimens  of 
mild  steel  were  treated  side  by  side  in  the  cyanide  bath  so  that 
each  had  exactly  the  same  time — about  1  hour — at  the  same 
temperature— about  780°  to  800°  C.  in  the  cyanide  case-hardening 
bath.  The  temperature  of  the  bath  was  lowered  to  740°  C,  at  which 
temperature  the  specimens  were  withdrawn  and  quenched,  some  in 
water  at  20°  C.  and  some  in  oil  at  the  same  temperature.  The 
hardness  of  the  water-quenched  specimens  averaged  87  and  the  oil 
quenched  specimens  averaged  65  on  the  scleroscope  scale. 

The  absence  of  references  to  previous  work  carried  out  by  other 
investigators  in  this  field  of  research  was  somewhat  surprivsing. 

Mr.  J.  E.  Baty  said  he  was  very  sorry  indeed  to  have  to  add 
another  criticism  of  the  Papers,  but  he  hoped  that  Mr.  White  would 
take  the  criticism  on  his  own  shoulders.  He  had  carried  out  one  or 
two  experiments  during  the  previous  week  with  regard  to  the 
particular  results  which  were  given  for  the  test-pieces  {\  inch 
in  diameter  and  0'7  inch  long.  He  thought  the  whole  of  the 
results  which  were  shown  on  the  superposed  curves,  Fig  13 
referred  to  pieces  of  that  particular  size,  and  that  size  alone. 

In  the  first  place  he  (Mr.  Baty)  wished  to  show  that  one  could 
not  experiment  with  plain  cylinders  to  determine  what  the  result 
would  be  in  hardening  a  screwed  cylindrical  sample.  The  particular 
piece  which   he  had  taken  was  like  Fig.  34.     This  was   carefully 
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screwed  fourteen  threads  per  inch,  Whitworth  form,  and,  after 
screwing,  the  flat  faces  were  surface  ground  parallel.  Diametric 
measurements  of  major,  effective  and  core,  were  taken  across  the 
axes  1-3  and  2-4,  a  reading  being  taken  at  the  centre  and  each  end 
of  the  gauge  in  every  instance.     Further  measurements  were  taken 
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across  the  parallel  faces  T  in  figure  at  the  position  one,  two,  three, 
and  four,  and  the  pitch  of  the  screw  was  charted  in  these  four 
positions,  that  is  90°  apart.  The  pitch  was  very  uniform ;  an  average 
of  the  readings  had  therefore  been  taken  to  avoid  confusion  and  was 
shown  in  the  top  curve  of  Fig.  35.  In  order  to  get  maximum 
distortion,  the  screw  was  heated  in  a  cyanide  bath  at  760"  C.  and 
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plunged  direct  from  there  into  cold  water.  The  screw  was  again 
cjirefully  measured  on  all  points,  and  it  was  found  that  whereas  the 
cylinder,  considered  apart  from  the  screw,  had  shortened  from 
1-0151  to  1-0147  inch,  that  is  by  0-0004  inch,  the  helix  of  the 
screw  had  distorted  independently  and  was  now  0  -  00167  inch  shorter 
than  in  the  soft  condition.  This  was  shown  in  the  lower  curve  of 
Fig.  35.  The  diametric  measurements  were  all  carefully  taken, 
but  as  they  did  not  have  any  bearing  in  this  particular  point,  he 
had  omitted  them  ;  they  were,  however,  all  greater  after  hardening. 
A  further  gauge  of  different  form  was  treated  in  an  exactly 
similar  manner,  and  the  results  were  given  in  Figs.  36  and  37,  which 
would  be  clearly  followed  from  the  foregoing  explanation.  It  was 
necessary  to  point  out  in  this  case,  however,  that  the  plain  part  of 
the  cylinder  lengthened,  whereas  the  helix  of  the  screw  again 
shortened.  Anyone  who  had  the  necessary  measuring  appliances 
could  easily  verify  these  experiments,  but  he  (Mr.  Baty)  had  had 
numerous  cases  during  the  last  few  years  which  proved  the  above 
statements. 

He  contended  that,  in  any  cylinder  which  was  taken,  the 
distortion  due  to  hardening  depended  absolutely  vipon  the  length  of 
the  cylinder  compared  with  the  diameter.  There  -were  numerous 
variables  to  be  taken  into  account  which  the  Author  had  certainly 
not  detailed,  one  of  them  just  mentioned  being  the  connexion 
between  the  length  of  the  screw  portion  and  its  diameter.  The 
next  was  the  pitch  compai-ed  with  the  diameter.  If  one  had  a  very 
coarse  helix  or  screw,  one  would  find  the  pitch  error  due  to  hardening 
was  very  different  indeed  to  what  one  would  get  with  a  very  fine 
thread.  Also  there  was  the  length  of  time  in  the  bath,  which  the 
Author  had  mentioned. 

With  regard  to  hardening  from  a  cyanide  bath,  cyanide  had  a 
very  great  tendency  to  stifi'en  the  steel  in  the  hardening,  and 
consequently  the  strength  of  the  cyanide  bath  had  a  very  great  deal 
to  do  with  it.  Going  upon  figures  given  by  Brearley  in  his  book  on 
the  XUase-Hardening  of  Steel,  the  loss  of  carburizing  properties  in 
the  cyanide  bath  after  the  first  heating  was  something  like  75  per 
cent,  so  that,  if  one  did  not  add  constjint  quantities  and  did  not 
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keep  very  constant  temperatures,  one  had  a  constantly  fluctuating 
carburizing  power  in  that  cyanide  bath.  Then  of  course  there  was 
the  eflFect  of  the  temperature  of  the  quenching  bath. 

In  Experiment  No.  8  (page  470),  the  Author  found  out  for 
himself  what  he  (Mr.  Baty)  had  been  trying  to  demonstrate,  that 
where  he  went  to  a  different  size — in  that  particular  instance  it 
was  a  gauge  1  •  15  inch  in  diameter  and  1  inch  in  length  of  screw — he 
got  a  totally  dfferent  result,  which  the  Author  himself  said  "  rather 
suggests  that  length  is  a  factor  in  the  total  extension."  Yet  the 
Author  went  on  in  his  oil-hardening  experiments  cutting  off 
specimens  ^^  inch  diameter  and  0*7  inch  long  for  test  purposes. 
Apart  from  that,  both  Experiment  No.  8  and  Experiment  No.  9 
(page  470)  disproved,  he  contended,  the  whole  of  the  first  Paper. 

There  was  one  other  point.  The  cyanide  hardening  was  all 
right  for  small  gauges,  but,  when  one  had  a  gauge  of  very  large 
diameter  and  a  very  big  body  of  metal  inside,  all  the  heat  had  to 
get  out,  and  the  only  place  for  it  to  get  out  was  through  the  walls 
which  had  been  cyanided,  and  consequently,  in  a  large  size  gauge, 
one  almost  invariably  got  a  soft  surface.  Then  there  was  a  point 
which  had  been  mentioned  by  one  or  two  speakers,  that  if  one 
withdrew  the  gauge  at  the  recalescence  point,  one  had  to  be  very 
quick  in  transferring  it  from  there  into  the  quenching  bath,  whereas 
it  was  generally  contended  by  steel-makers  that  one  ought  to 
harden  on  a  rising  temperature,  which  gave  a  greater  range  and 
consequently  more  time  to  quench,  before  the  carbon  had  gone 
out  of  solution  again.  In  the  first  Paper  the  Author  had  allowed 
for  a  distortion  of  3/10,000  in  pitch,  and  thought  that  that  was  all 
right  because  it  came  within  the  error  the  National  Physical 
Laboratory  allowed.  As  a  matter  of  fact,  if  Mr.  Rolt  had  spoken 
he  would  have  told  the  members  that  the  tolerance  allowed  by  the 
N.P.L.,  6/10,000  for  small  gauges,  included  the  pitch  error,  the 
error  over  the  effective  diameter,  and  also  the  error  of  the  angle. 
Therefore  if  one  had  3/10,000  error  in  pitch,  one  had  nothing  to 
spare  either  for  diameter  errors  or  for  errors  of  angle. 

Mr.    F.  H.  Rolt  said  it  was  a  great  pleasure  to  have  had  the 
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Papers  from  Mr.  Lineham.  He  had  had  occasion  to  visit  the 
Goldsmiths'  College  during  the  War,  whilst  Mr.  Lineham  had  been 
engaged  on  his  screw-gauge  problem,  and  he  had  tested  a  good 
many  of  Mr.  Lineham's  gauges  after  they  had  been  made,  and 
generally  speaking,  they  were  really  excellent.  Most  of  the  gauges 
were  quite  small — small  B.A.  gauges  and  others  of  that  nature — 
and  with  that  particular  size  of  gauge  the  results  were  quite  first- 
class.  The  limits  to  which  the  Author  had  been  working  on  some 
of  those  gauges  had  been  extremely  fine — not  the  ordinary  limits  of 
6/10,000  but  the  check-gauge  limits,  which  were  about  3/10,000  inch 
— and  he  thought  he  was  right  in  saying  that  the  Author's  percentage 
of  passes  was  quite  large.  The  Ministry  of  Munitions  towards  the 
latter  end  of  the  War  had  placed  great  reliance  on  Mr.  Lineham 
for  producing  those  very  small  gauges. 

Mr.  Baty  had  emphasized  one  point,  namely,  the  question  of 
making  experiments  on  the  specimens  of  steel  ^V  iiich  diameter 
by  0'7  inch  long,  and  using  those  results  for  gauges  of  quite  a 
different  size.  He  had  an  idea  himself  that  the  distortion  produced 
in  hardening  depended  largely  upon  the  form  of  the  gauge.  For 
instance,  if  one  had  a  spindle  about  O'l  inch  in  diameter  by  6 
inches  in  length,  it  would  distort  quite  differently  from  a  1  inch  cube. 
That  was  his  reason  for  saying  that  he  did  not  think  one  was  really 
safe  in  making  experiments  on  a  sample  of  steel  which  was  of  a 
different  size  from  the  actual  gauge  which  was  finally  to  be 
produced. 

The  remark  which  had  been  made  previously  with  regard  to 
the  pitches  of  t;ips  had  quite  surprised  him.  Generally  speaking, 
commercial  taps  were  not  as  good  as  they  might  be  in  pitch,  simply 
because,  he  presumed,  the  methods  of  hardening  were  not  very 
carefully  studied.  As  Colonel  Crompton  had  said,  the  question  of 
taps  and  screwing  tackle  generally  was  at  the  root  of  the  whole 
screw-gauge  problem.  It  was  useless  to  go  into  the  question  of 
making  accurate  screw-gauges,  if  the  work  which  was  generally 
produced  was  of  poor  quality. 

With  regard  to  the  question  of  quenching,  there  were  charts 
given  in  the  Papers  which  showed  the  various  quenching  temperatures. 
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Those  temperatures,  he  presumed,  were  the  temperatures  of  the 
furnace ;  but  what  was  the  temperature  of  the  gauge  when  it  was 
just  going  into  the  quenching  tank  ?  Surely  there  was  an 
appreciable  drop  which  took  place  between  the  time  of  taking  it  out 
of  the  furnace  and  immersing  it  into  the  tank.  There  were  furnaces 
now  to  be  obtained  whereby  one  was  able  to  quench  straight  out  of 
the  furnace  into  the  quenching  bath.  The  general  principle  applying 
in  those  electric  furnaces  was  to  have  a  tube  surrounded  by  an 
electric  coil.  Moreover,  the  heating  was  done  in  a  reducing 
atmosphere.  Gas  went  into  the  bottom  of  the  furnace  tube  and 
emerged  at  the  top  where  it  was  ignited.  The  tube  itself  came  down 
very  close  to  the  annealing  tank,  which  contained  either  oil  or  water. 
A  pyrometer  was  inserted  in  the  tube  and  the  gauge  was  heated  up 
to  the  required  temperature,  and  all  one  had  to  do  was  simply  to 
take  away  the  supporting  bar  and  the  gauge  dropped  straight  away 
into  the  tank.  He  would  admit  it  had  to  pass  a  slightly  cooler 
temperature  towards  the  lower  end  of  the  tube,  but  there  was  no 
taking  it  out  of  the  furnace  through  fairly  cold  air  where  it  might 
cool  down  appreciably  before  going  into  the  tank.  He  was  not  a 
metallurgist,  but  he  gathered  that  the  question  of  hardening  depended 
upon  cooling  the  metal  suddenly.  It  was  no  good  letting  it  cool 
over  a  range  of  a  few  seconds.  The  electric  furnace,  in  which  the 
heating  was  done  in  a  reducing  atmosphere,  had  the  great  advantage 
of  the  fact  that  there  was  no  oxidization  taking  place.  One  great 
trouble  in  hardening  was  due  to  the  fact  that  in  most  cases  a  scale 
was  formed  on  the  gauge,  which  had  to  be  removed.  Even  supposing 
that  the  gauge  had  not  distorted,  it  was  not  serviceable  until  the 
scale  had  been  removed.  Therefore,  obviously  one  great  thing  was 
to  do  the  heating  in  a  reducing  atmosphere. 

Mr.  William  H.  Patchell  (Member  of  Council)  said  that,  with 
regard  to  the  President's  opening  remarks  about  future  discussions, 
he  thought  the  President's  expression  "  stage  manage "  might 
be  misunderstood.  All  that  was  meant  was  that  the  discussions 
should  be  so  arranged  that  there  should  be  full  and  adequate 
discussions  on  the  Papers.     The  Council  had  no  idea  of  limiting 


504  IIAUDENING    OK    SCllEW-GAUGES.  AiMiii-   1020. 

(Mr.  William  H.  Patchell.) 

the  discussions  or  limiting  what  a  man  might  say  either  for  or 
against  a  Paper.  Papers,  in  the  past,  had  sometimes  not  got  into 
the  ri<jjht  hands,  and  people  had  come  into  the  room  and  prefaced 
their  remarks  by  saying  that  they  had  not  read  them !  That  was 
not  fair  to  the  Institution. 

The  Pkesident  said  that  Colonel  Crompton  had  just  handed  him 
a  note  to  the  effect  that  Dr.  Agnevv,  the  Secretjiry  of  the  new 
American  Standards  Committee,  was  present.  He  welcomed 
Dr.  Agnew,  and  invited  him  to  take  part  in  the  discussion  on  the 
Papers. 

Dr.  Paul  G.  Agnew  said  he  was  quite  unprepared  to  discuss  the 
Papers,  but  he  was  very  glad  to  have  had  the  opportunity  of 
attending  a  Meeting  of  the  Institution,  and  to  have  met  several  of 
its  members  during  the  previous  week.  He  would  like  to  say 
that  the  experience  which  the  British  Engineering  Standards 
Association  and  its  affiliated  Societies  had  placed  at  the  disposal  of 
the  Americans  had  been  of  inestimable  benefit  in  forming  their 
new  organization  and  getting  it  well  under  way.  He  would  like  to 
add  that  in  their  opinion  the  co-operation  between  the  two  great 
English-speaking  nations  in  engineering  standardization  was  of 
prime  importance  to  them  as  citizens  as  well  as  engineers. 

Mr.  G.  T.  WuiTE,  in  reply,  said  that  if  the  members  expected 
him  to  answer  all  the  very  severe  criticisms  which  had  been  passed 
upon  the  Papers,  he  was  afraid  he  would  have  to  disappoint  them. 
The  criticisms  had  been  exceedingly  numerous ;  he  would  not  say 
they  were  unexpected.  What  he  would  say  in  defence  of  the 
Papers  was  that  the  experiments  had  been  carried  out  at  a  time  of 
very  great  stress,  when  it  had  been  found  very  difficult  at  the 
Goldsmiths'  College  at  New  Cross  to  get  definite  information  in 
connexion  with  the  distortion  of  steel  on  quenching.  They 
had  to  attack  the  problem  there  of  turning  out  gauges  in 
probably  the  most  severe  months  of  trial  that  this  country  had 
ever  experienced,  namely,  in  the  early  part  of  1918,  so  that  there 
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had  been  no  time  to  devote  to  what  one  might  call  very  fine 
scientific  details. 

With  regard  to  Mr.  Lineham's  experiments,  they  had  been 
made  solely  with  the  object  of  finding  sufficient  information  for 
himself  in  order  to  enable  him  to  make  gauges,  so  that  the 
manufacture  of  aeroplanes  could  be  hastened,  and  this  country 
probably  saved  from  disaster. 

He  would  endeavour  to  reply  to  the  various  points  of  detail  by 
correspondence,  as  some  of  the  questions  could  not  be  answered  at 
once.  He  thought  the  members  had  been  exceedingly  interested, 
and  they  had  probably  gained  more  useful  information  from  the 
criticisms  and  the  questions  than  from  the  original  Papers. 


Discussion  in  Manchester,  Thursday,  29/7«  ^jw/Z  1920. 

In  the  absence  of  Mr.  G.  T.  White,  an  abstract  of  the  Papers 
was  read  by  Mr.  Daniel  Adamson  (j\[ember  of  Council). 

The  Chairman  (i\Ir.  Henry  Pilling,  M.B.E.,  Memher)  said 
possibly  the  small  attendance  was  due  to  the  subject.  Men 
concerned  in  the  manufacture  of  screw-gauges  were  few  in  number, 
and  in  all  probability  there  were  no  experts  present.  Speaking 
himself  as  a  non-expert,  he  would  like  very  much  to  have  further 
information  respecting  the  steel  disk.  Fig.  5  (page  459),  which  had 
been  passed  round.*  If  one  put  a  poker  into  the  fire  and  heated  it 
to  red  heat  a  thousand  times,  one  would  expect  the  point  to  be 
gone  and  the  poker  much  less  in  weight.  What  was  the  original 
w^eight  and  the  present  weight  of  that  disk  ?  The  diminution  of 
the  cubical  contents  was  stated  in  the  Paper  to  be  practically  nil, 
but  it  seemed  a  curious  thing,  one  which  required  some  explanation, 
that  a  disk,  after  being  heated  presumably  to  redness  a  thousand 
times,  had  lost  little  or  nothing  by  scale.  Some  light  would  be 
thrown  upon  that  question  if  the  weights  were  known. 


♦  See  Note  by  Mr.  White  on  page  529. 
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Ho  observed  that  all  these  experiments  had  been  made  with 
minute  quantities  of  steel.  The  experiments  with  water  quenching 
were  made  with  a  screwed  portion  which  was  only  one-sixth  of  a 
cubic  inch  ;  the  experiments  with  oil  quenching  were  made  with  a 
piece  of  steel  of  which  the  screwed  portion  was  only  1  cubic  inch. 
It  was  obviously  very  difficult  to  draw  deductions  as  to  what 
would  happen  with  larger  specimens.  At  the  present  time  he  was 
interested  in  purchasing  some  taps  1  inch  in  diameter,  15  inches 
long,  continuous  threads.  He  could  quite  understand  that  the 
manufacturer  of  those  taps  must  have  extreme  difficulty  in  getting 
an  over-all  length  of  15  inches  within  the  very  narrow  limits  which 
had  to  be  laid  down.  In  many  forms  of  locomotive  boilers  there 
was  used  a  continuous  tapped  thread — for  example,  in  the  Belpaire 
fire-box — between  points  quite  distant  apart,  with  the  stud  or  stay 
produced  by  a  machine  which  also  made  a  continuous  thread. 
Obviously  it  was  a  very  difficult  matter  to  produce  the  very  long 
and  perfectly  true  taps,  which  were  required. 

Mr.  C.  E.  Stromeyer  said  he  had  very  little  to  say  on  the 
subject  of  the  Paper.  As  had  been  already  pointed  out,  the 
specimens  were  very  small,  and  he  thought  they  could  not  draw 
definite  conclusions  as  to  what  would  happen  when  hardening  large 
pieces,  for  stresses  increased  with  size.  Recently  he  came  across  a 
main  shaft  11  inches  or  12  inches  in  diameter,  which  was  found  to 
have  two  cracks  about  5  inches  long.  They  were  not  noticed  until 
the  bearing  cap  was  taken  off,  and  as  they  were  opposite  each 
other  it  was  feared  that  the  shaft  was  hollow  and  the  crack 
extended  right  through.  The  shaft  was  therefore  cut  in  two,  but 
was  perfectly  sound,  except  that  the  whole  of  the  outer  surface  was 
covered  with  small  longitudinal  cracks ;  and  the  conclusion  they 
came  to  was  that  the  bearing  had  been  running  hot  and  the  engine- 
driver  had  poured  cold  water  on  it.  With  a  small  shaft  nothing 
would  have  happened,  but  with  a  large  shaft  the  outer  surface 
would  get  cool  and  contract,  or  wish  to  contract ;  and  as  the  cold 
could  not  travel  fast  enough  to  the  core,  an  enormous  stress  would 
be  put  upon  the  outer  surface  and  crack  it.     He  thought  a  similar 
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action  would  probably  take  place  when  hardening  very  large 
specimens,  and  that  very  great  stresses  would  be  created.  Large 
masses,  even  when  cooled  slowly,  sometimes  cracked.  Such 
spontaneous  cracks  in  large  steel  forgings  were  called  clinks. 
Sometimes  they  were  visible  on  the  outside,  but  not  always.  He 
had  seen  a  few  ingots  which  were  broken  in  two,  and  he  had  also 
seen  an  armour-plate  about  5  feet  square  and  about  1  foot  thick, 
which  had  fractured  horizontally  and  was  only  held  together  at 
one  edge  by  a  very  small  portion.  This  armour-plate  showed  that 
the  stresses  or  strains  produced  by  sudden  cooling  were  very 
enormous  in  large  pieces.  Of  course  they  did  not  occur  in  the 
small  ones.  By  increasing  the  size,  difficulties  would  be  encountered 
which  were  not  apparent  in  the  small  specimens. 

With  regard  to  the  Chairman's  remarks  about  long  taps,  there 
was  the  consolation  that  most  probably  they  would  be  slightly 
bent  in  hardening,  and  he  understood  a  tap  that  was  slightly 
bent  was  a  much  better  cutter  than  if  it  were  mathematically 
straight ;  a  springy  tap  was  very  much  better  than  a  perfectly 
solid  one.  He  also  understood  it  was  found  by  tap-makers  that 
much  of  the  distortion  of  the  tap  was  due  to  the  bending  which 
occurred  while  heating,  and  not  while  hardening,  and  that  the 
safest  plan  was  to  suspend  them — while  being  heated.  Then 
distortion  would  be  practically  nil.  But  he  believed  that  another 
precaution  which  had  to  be  adopted,  and  which  was  mentioned  in 
the  Papers,  was  that  the  gauge  or  tap  to  be  dealt  with  should  be 
annealed  before  being  finished.  The  stresses  as  it  came  from  the 
works  were  very  irregular,  and  when  the  tap  or  gauge  had  been 
finished,  distortion  took  place  which  could  not  be  rectified.  He  was 
wondering  with  regard  to  large  gauges  whether  it  would  not 
perhaps  be  an  advantage  to  harden  from  the  inside,  by  drillincr  a 
hole  through  the  gauge  and  letting  a  stream  of  water  go  through 
the  inside.  Certainly  as  regards  glass  tubes,  which  naturally  were 
cooled  from  the  outside,  there  was  a  very  severe  tension  in  the 
tube,  and  one  could  easily  crack  the  glass  tube  by  letting  a  steel 
nib  or  any  hardened  steel  particle  glide  down  the  inside.  Very 
slight  scratches  started  cracks  which  led  to  fracture.     So  if  one 
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could  get  at  the  inside  of  a  hollow  gauge,  he  believed  the  outside 
would  in  a  way  take  care  of  itself. 

There  was  one  point  which  he  would  like  to  be  answered  by 
those  responsible  for  the  Papers,  but  he  did  not  know  whether 
it  was  possible.  That  was,  whether  these  gauges  altered  their 
shape  and  dimensions  with  time.  Many  years  ago  he  had 
had  some  steel  bars  hardened  and  magnetized.  They  came 
to  him  slightly  bent.  Now  after  many  years  of  waiting  these 
bars  had  become  nearly  straight  again.  A  very  slow  process  of 
alteration  of  form  seemed  to  have  gone  on.  He  would  not  be 
surprised  if  something  of  that  sort  happened  with  gauges  and  with 
t-aps.  He  believed  that  Colonel  Crompton,  who  was  at  present 
engaged  on  investigations  with  regard  to  taps,  had  a  special  steel — 
which  was  supposed  to  possess  the  property  of  not  changing 
shape  on  being  hardened. 

In  reply  to  remarks  by  Mr.  Daniel  Adamson,  he  had  several 
broken  bolts  of  which  he  felt  quite  sure  that  fracture  was  produced 
by  the  fact  that  the  nut  was  a  finer  pitch  than  the  bolt.  Most  of 
the  stress  was  thrown  on  the  threads  at  the  bottom  of  the  nut, 
where  of  course  the  longitudinal  tension  was  also  a  maximum. 

The  combination  of  severe  shear-stress  with  a  severe  pull-stress 
evidently  resulted  in  fracture.  If  that  theory  were  correct,  and  he 
thought  it  was  reasonably  correct,  it  would  be  desirable  to  allow  the 
taps  during  hardening  to  become  longer  than  the  nominal  length, 
thereby  making  the  pitch  in  the  nuts  longer  than  that  on  the  bolts. 
The  making  of  the  gauges  had  nothing  to  do  with  the  best  form  of 
nut  or  tap,  and  therefore  he  had  not  touched  on  this  subject  when 
opening  the  discussion. 

Mr.  P.  11.  Davenport  said  he  was  a  gauge-maker,  and  the 
troubles  he  experienced  during  the  War  proved  to  him  conclusively 
that  the  question  of  hardening  screw-gauges  was  a  very  difficult  one. 
Various  experiments  had  been  tried  at  the  Westinghouse  Works  in 
Traflbrd  Park,  but  so  far  they  had  not  met  with  real  success.  Most 
of  the  gauges  used  during  the  War  were  made  to  very  fine  limits, 
both  in  the  number  of  threads  per  inch  and  also  in  the  diameter. 
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A  number  of  gauges  were  submitted  to  the  National  Physical 
Laboratory  at  Teddington  for  approval  before  they  were  sent  out  of 
the  works,  or  before  any  munitions  were  adapted  to  the  gauges. 

He  had  made  several  experiments  in  connexion  with  the 
hardening  of  both  male  and  female  gauges.  During  the  last  six 
months  he  hlad  made  tests  with  caustic  soda  and  common  salt, 
equal  quantities  of  each,  melted  down  at  a  heat  of  approximately 
750^  C.  (1,382^  F.).  The  gauges  were  then  heated  to  a  dull  red  and 
quenched  in  the  molten  caustic  soda  and  salt,  in  which  they 
remained  for  about  three  minutes,  and  were  then  quenched  in  cold 
water.  The  result  from  that  operation,  especially  with  female 
gauges,  was  quite  satisfactory,  very  little  distortion  being  noticeable. 
To  a  certain  extent  this  had  done  away  with  a  great  deal  of  lapping. 
The  tolerance  allowance  from  the  finishing  of  the  gauge  previous  to 
hardening  was  minus  three-tenths  of  a  thousandth  inch.  From  that 
hardening  process  he  found  the  result  of  the  gauge  proved  about 
minus  two-tenths  of  a  thousandth  ;  so  there  was  very  little  lapping 
needed  to  bring  it  up  to  the  standard  size.  The  tests  given  to  the 
female  gauges  were  very  minute.  They  used  what  were  called 
reference  gauges,  which  were  designed  to  give  combined  measurement 
of  pitch  and  outside  diameter.  For  example  :  a  |-inch  screw-gauge 
with  the  core  diameter  absolutely  taken  away,  the  pitch  diameter 
being  minus  three-tenths  and  the  outside  diameter  finished  exactly 
to  standard.  Halfway  along  the  gauge  they  turned  the  outside 
diameter  off  a  ten-thouaandth  below  the  standard.  That  gave  the 
first  half  of  the  gauge — the  pitch  diameter  only.  For  the  core 
diameter  they  used  a  plain  gauge,  hardened  and  ground.  The  first 
thing  they  did  after  the  hardening  to  find  out  the  extent  of 
distortion,  was  to  use  the  plain  core  gauge,  and  a  defect  there 
carried  with  it  generally  the  same  defects  both  in  pitch  and  outside 
diameter.  This  process  of  hardening  had  been  the  most  successful 
up  to  now. 

With  water  hardening,  it  was  heated  to  800°  C.  (1,462°  F.),  and 
he  found  that  the  distortion  was  very  great.  It  contracted  greatly 
in  the  middle.  Generally  speaking,  out  of  six  gauges  that  were 
hardened  in  this  way,  four  were  scrapped  before  the  standard  size 
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could  be  got ;   they  were  so   bell-mouthed   at  tlie   front  that  the 
inspector  would  not  pass  them. 

In  the  process  of  hardening  in  whale  oil,  the  gauges  were  heated 
to  a  dull  red  and  quenched  in  whale  oil ;  and  the  chief  trouble  he 
experienced  was  that  whale  oil  did  not  produce  the  grade  of  hardening 
that  was  required.  Most  of  the  gauges  were  used  on  automatic 
work  and  were  not  used  with  the  greatest  care.  He  had  made 
various  experiments  with  different  grades  of  steel.  At  the  time  the 
War  broke  out,  there  was  the  Bohler  steel,  a  German  steel,  which 
he  considered  was  the  best  that  had  ever  been  used  in  gauge-making, 
but  of  course  the  supplies  were  stopped,  and  since  then  they  had  not 
been  able  to  get  any  of  it.  He  understood  the  firm  who  were 
making  it  at  that  time  had  now  gone  out  of  existence.  Other  steels 
from  Sheffield  had  been  tried,  and  the  most  successful  steel  they 
were  using  to-day  was  made  by  Messrs.  Keyser  Ellison.  He  had 
experimented  with  several  gauges  made  of  mild  steel  case-hardened 
in  potassium  cyanide,  but  had  found  the  defect  in  the  pitch 
longitudinally  was  very  bad. 

Some  remarks  had  been  made  with  regard  to  the  distortion  of 
taps.  In  his  opinion,  the  error  of  pitch  in  a  tap  of  the  length  and 
diameter  mentioned  was  only  in  the  distortion  after  hardening.  If 
he  had  a  specially  long  tap  to  make,  his  process  was  to  cut  the  thread 
down  to  plus  5  thousandths,  then  anneal  it,  stretch  it,  and  finish  it 
to  size.  He  found  that,  in  the  hardening,  it  distorted  very  little  as 
to  pitch  and  with  regard  to  being  out  of  truth  in  that  length.  The 
length  was  15  inches  to  18  inches,  and  the  diameter  about  1^-  inch. 
He  did  not  attach  much  importance  to  annealing  before  threading, 
as  he  did  not  think  it  altered  very  much  in  lengths,  say  4  inches  to 
8  inches,  but  a  great  de.il  depended  upon  the  quality  of  the  steel. 
With  regard  to  being  out  of  truth  and  out  of  pitch,  he  had  made  an 
experiment  on  a  piece  of  drill  rod  about  2  feet  6  inches  length,  by 
centring  it  absolutely  true  with  the  grain  of  the  steel  itself  at  the 
outside  diameter.  He  then  got  one  of  the  lads  to  centre  a  piece  up 
similarly  in  an  indirect  fashion.  Both  those  pieces  of  steel  were 
turned  to  a  given  diameter  and  then  hardened.  He  found  out  that 
the  one   that  had   been  centred  true   by  himself   was  very   little 
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distorted,  and  required  very  little  stretching,  but  the  one  that  had 
been^centred  up  indiscriminately  by  the  lad  could  not  be  made 
straight  at  all.  So  even  that  was  an  item  well  worth  noting  in 
making  a  long  tap,  providing  they  got  the  centres  true  with  the 
grain  of  the  steel. 

The  Chairman  asked  whether,  if  the  keynote  of  the  Papers  was 
that  by  hardening  at  a  certain  prescribed  temperature,  there  was 
an  end  of  the  difficulty,  did  Mr.  Davenport  agree  with  that  point  of 
view? 

Mr.  Davenport  inquired  if  the  Chairman  meant  given  degrees 
of  heat  ? 

The  Chairman  replied  in  the  affirmative. 

Mr.  Davenport  said  he  did  not  think  so.  The  experiments  they 
had  carried  out  were  on  a  large  scale.  No  pyrometer  or  anything 
of  that  description  was  used.  It  was  only  experiment  and 
experience  that  taught  him  the  real  grades  for  arriving  at,  for 
instance,  a  dull  red  or  a  glowing  red,  and  between  the  two 
of  them  he  could  determine  the  different  sizes  of  gauges  that  he 
made.  He  might  mention,  by  the  way,  a  very  successful  process — 
and  a  very  easy  one  too.  Suppose,  for  instance,  they  were 
hardening  a  female  screw-gauge  f  inch.  They  took  a  receptacle 
holding  about  a  quart  of  water,  and  put  in  a  handful  of 
ordinary  table  salt ;  the  water  was  raised  to  lukewarm  heat ;  then 
the  gauge  was  heated  to  a  dull  red  and  quenched  in  the  salt 
water.  There  was  very  little  distortion  by  that  method  which 
he  had  used  to  some  extent  on  the  very  small  pitch  screws 
which  they  had  been  making. 

The  Chairman,  in  proposing  a  vote  of  thanks,  said  they  were 
indebted  not  only  to  the  late  Mr.  Lineham,  but  also  to  Mr.  White. 
What  appeared  to  him  to  be  the  essential  point  of  the  Papers  was 
the   statement  that   there    was    a    certain   prescribed    quenching 
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temperature  which  was  advantageous.  If  they  did  not  keep  to  it 
closely,  they  had  trouble.  That  root  notion  of  the  Papers  was  at 
the  back  of  bis  question  to  Mr.  Davenport. 

The  vote  of  thanks  was  carried  unanimously. 


Communications. 


Mr.  G.  H.  Ayres  wrote,  supplementing  bis  remarks  at  the 
Meeting,  with  respect  to  Mr.  Rolfs  interesting  reference  to  the 
tubular  electric  hardening  furnace,  that  he  thought  a  detailed 
description  would  be  of  service,  as  to  his  mind  it  was  one  of  the 
most  important  of  recent  developments  in  the  heat  treatment. 
Fig.  37  showed  a  cross-sectional  elevation  of  Dr.  Walter's  Electric 
Hardening  Furnace  referred  to  by  Mr.  E,olt,  which  furnace 
could  be  adapted  to  heating  by  gas,  oil,  or  solid  fuel,  and  could, 
moreover,  be  built  to  almost  any  dimensions.  The  heating  chamber 
consisted  of  a  silica  tube  around  which,  but  insulated  from  it, 
was  the  heating  element  of  Nichrome  wire  either  wound  in  one 
continuous  coil  or  in  sections  operated  in  parallel  or  series-parallel 
combinations ;  the  winding  itself  was  coated  with  an  insulating 
cement,  and  the  whole  of  the  element  was  readily  removable  from 
the  body  of  the  furnace.  The  body  was  usually  a  cast-iron  casing, 
and  the  space  between  the  casing  and  heating  element  was  filled 
with  anti-thermic  packing.  To  the  bottom  plate  was  fixed  the  dip- 
pipe  which  formed  a  seal  for  the  coal  gas  used  as  the  reducing  or 
non-oxidizing  agent.  In  the  top  plate  there  was  the  inspection 
door  and  sliding  doors  through  which  the  article  for  treatment  was 
admitted ;  the  article  was  suspended  by  a  wire  or  other  suitable 
means  and  located  concentric  with  the  heating  element ;  on  the 
article  attaining  its  correct  temperature  and  allowed  the  requisite 
time  for  soaking,  it  was  released  and  fell  into  the  quenching  bath 
without  loss  of  heat,   risk  of  local  chilling,  or  any  possibility  of 
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Fig.  37.— Electric  Hardening  Furnace  (Dr.  C.  M.  Walter's). 
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coming  in  contact  with  air  to  cjxuse  sciiling.  The  temperature 
could  be  regulated  to  very  fine  limits  and  kept  constant  for  long 
periods  if  desired,  a  thermo-couple  being  used  for  measuring  the 
temperature.  The  main  advantages  over  any  form  of  salt  bath  were 
the  extra  cleanliness  and  lower  cost  of  operation. 

Though  he  had  not  had  experience  of  treating  gauges  in  this 
type  of  furnace,  he  had  treated  large  articles  of  0  •  5  per  cent  carbon 
steel  in  such  a  furnace  with  absolute  freedom  from  scaling,  and 
had  proved  a  very  high  degree  of  uniformity  of  temperature 
throughout  a  length  of  element  of  approximately  10  feet,  and  he 
understood  that  several  Midland  firms  were  ti'eating  the  whole  of 
their  gauges  in  this  manner  with  complete  success. 

Mr.  J.  Ferdinand  Kayser  (Sheffield)  wrote  that  the  change  of 
dimensions  on  hardening,  as  well  as  the  quality  of  the  hardness 
after  quenching,  depended  to  a  certain  extent  on  the  initial  condition 
of  the  steel.  The  American  gauge  manufacturers  clearly  recognized 
that  point,  and  their  experience,  which  he  (Mr.  Kayser)  had 
confirmed,  was  that  the  most  desirable  initial  microstructure  was 
one  giving  fine  sorbitic  pearlite  with  any  cementite  (which  was 
always  present  in  hypereutectoid  steels)  present  in  a  fine  emulsified 
form.  It  had  to  be  remembered  that  a  very  large  number  of 
gauges  had  to  have  a  hardness  sufficient  to  enable  them  to  cut  and 
produce  other  threads,  and  hence  it  was  necessary  to  consider  the 
quality  of  the  hardness  obtained.  Many  of  the  treatments 
mentioned  in  the  Papers  would  not  produce  hardness  at  all,  and  the 
recommended  treatments  would  not  harden  properly  any  gauge 
weighing  more  than  say  ^  lb.,  unless  the  section  was  very  thin. 

When  using  Roberts- Austen's  iron-carbon  thermal  equilibrium 
diagram,  it  was  necessary  to  remember  that  there  was  considerable 
"  thermal  hysteresis,"  that  was  to  say  that  the  aiTCst  points  on 
heating  were  considerably  above  those  found  on  cooling.  The  above 
remarks  were  clearly  illustrated  by  the  following  typical  results  of 
actual  measurements  made  after  the  stated  heat  treatment  upon 
pieces,  12  mm.  thick  by  50  mm.  diameter  of  a  crucible  cast  carbon 
tool-steel  containing  1  •  2  per  cent  carbon. 
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Critical  point  on  heating       .  .         736''  C.  (1,357°  F.) 

Ci'itical  point  on  cooling  from  above 

Acl-2-3      .  .  .         .         695°  C.  (1,283^  F.) 


m      J.        i  Brinell 

Treatment.  Hardness. 

Heated  to  700°  C.  (1,292°  F.)  and  quenched  in  cold  water  180 
Heated  to  TdO°  C.  (1,346°  F.)  and  quenched  in  cold  water  180 
Heated  to  740°  G.  (1,364°  F.)  and  quenched  in  cold  water  477 
Heated  to  750°  C.  (1,382°  F.)  and  quenched  in  cold  water  635 
Heated  to  750°  C.  (1,382°  F.),  cooled  in  furnace  to  730°  G. 

(1,346°  F.),  and  quenched  in  cold  water  .  .  .  635 
Heated  to  750°  G.  (1,382°  F.),  cooled  in  furnace  to  720°  G. 

(1,328°  F.),  and  quenched  in  cold  water  ...  635 
Heated  to  750°  G.  (1,382°  F.),  cooled  in  furnace  to  700°  G. 

(1,292°  F.),  and  quenched  in  cold  water  .  .  .  555 
Heated  to  750°  G.  (1,382°  F.),  cooled  in  furnace  to  695°  C. 

(1,283°  F.),  and  quenched  in  cold  water  .  .  .  532 
Heated  to  750°  G.  (1,382°  F.),  cooled  in  furnace  to  695°  C. 

(1,283°  F.),  and  quenched  in  cold  water  .  .  .  460 
Heated  to  750°  G.  (1,382°  F.),  cooled  in  furnace  to  690°  G. 

(1,274°  F.),  and  quenched  in  cold  water  ...  277 
Heated  to  750°  G.  (1,382°  F.),  cooled  in  furnace  to  650°  G. 

(1,202°  F.),  and  quenched  in  cold  water  .  .  .  241 
Heated  to  750°  G.  (1,382°  F.),  cooled  in  furnace  to  15°  C. 

(58°  F.),  time  about  four  hours         ....         203 


Mr.  William  Taylor,  O.B.E.  (Member  of  Council)  wrote  that 
the  Author  had  contributed  very  interesting  Papers  on  a  branch 
of  Engineering  Workshop  Science — that  part  of  engineering  which 
had  hitherto  received  comparatively  little  attention  from  scientific 
men.  The  Author  gave  credit  to  the  Wild-Barfield  apparatus  as 
the  first  practical  example,  the  principle  of  which  was  to  use  the 
change  in  magnetic  properties  of  steel  to  indicate  the  temperature 
at  which  to  quench.  This  idea  occurred  to  the  writer,  however,  in 
1905,  when  with  the  assistance  of  Mr.  F.  J.  Mudford,  he 
experimented  on  the  subject  and  worked  out  practical  examples 
which  were  described  by  him  before  the  Engineering  Section  of  the 
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British  Association,  and  furnaces  working  on  this  principle  were 
made  by  Messrs.  Fletcher- Russell. 

In  the  writer's  experiments,  an  induction  balance  was  used, 
consisting,  as  shown  diagrammatically  in  Eig.  38,  of  two  coils  of 
insulated  wire  A,  B,  supplied  with  a  rapidly  pulsating  current,  <and 
a  third  coil  C  between  them  and  connected  to  a  telephone  D.  The 
coil  C  was  placed  in  the  magnetic  centre  between  the  coils  A  and  B, 

Fig.  38. — Induction  Balance. 


whose  eflfects  on  C  thus  neutralized  one  another,  and,  under  these 
conditions,  no  sound  could  be  heard  in  the  telephone.  When, 
however,  a  piece  of  iron  or  steel  such  as  E  was  placed  in  the  field, 
for  example  between  the  coils  C  and  B,  so  that  the  magnetic  balance 
was  disturbed,  sound  was  heard  in  the  telephone. 

Using  this  apparatus,  he  heated  pieces  of  steel  until  they  became 
non-magnetic,  that  is,  until  the  sound  in  the  telephone  ceased, 
which  it  always  did  somewhat  abruptly.  He  found  that  carbon 
steel  or  case-hardened  mild  steel  would  harden  properly  if  quenched 
immediately  the  steel  became  non-magnetic,  providing  the  pieces 
were  less  than  about  0"3  inch  diameter.  If  they  were  larger,  then 
they  had  to  be  heated  somewhat  above  the  magnetic  change-point 
or  they  would  not  harden  properly.  It  was  not,  he  believed, 
generally  appreciated,  and  the  Author  did  not  mention  that,  in 
order  to  secure  hardening,  it  was  necessary  to  heat  the  steel  above 
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this  temperature  to  an  extent  which  depended  on  the  size  of  the 
mass.  Mr.  Lineham's  experiments  on  gauges  appeared  to  have  been 
conducted  with  gauges  of  substantially  one  size. 

During  the  War  the  writer's  Firm  (Messrs.  Taylor,  Taylor  and 
Hobson)  made  large  numbers  of  screw-gauges,  latterly  of  mild 
steel  case-hardened.  The  threads  were  milled  on  these  gauges 
in  special  machines,  and  were  generally  untouched  by  lapping  or 
otherwise  after  milling.  They  w^ere  merely  case-hardened  in 
cyanide,  much  in  the  way  described  by  Mr.  Lineham.  At  first  they 
found  the  results  in  change  of  size  to  be  somewhat  erratic,  but  this 
difficulty  was  surmounted  by  heat  treatment  of  the  steel  previous  to 
the  milling  of  the  threads.  They  adopted  the  practice  of  first 
heating  the  annealed  blanks  to  about  850°  C.  (1,562°  F.),  that 
is,  above. the  Aro  point,  quenching  in  water,  and  then  annealing 
from  about  740°  C.  (1,364°  F.).  In  this  way  the  steel  was  put 
through  its  paces  before  the  hardening  proper.  After  the  blanks 
were  threaded,  the  screws  were  cased  in  cyanide  heated  to  about 
740°  C,  and,  according  to  the  measurement  of  pitch  which  had  been 
previously  made,  so  they  were  quenched  either  in  water  or  in  oil. 
If  the  pitch  had  been  shown  by  previous  measurement  to  be  short, 
the  gauge  was  quenched  in  water  to  lengthen  it,  while  if  the  pitch 
had  been  long  the  gauge  was  quenched  in  oil,  which  treatment 
shortened  the  pitch.  The  hardener  became  so  skilled  that  he  could, 
with  practical  certainty,  expand  or  shorten  the  pitch  of  a  gauge  by 
0*0001  inch  or  more,  as  required.  The  gauges  quenched  in  oil 
were  not  so  hard  as  those  quenched  in  water. 

The  Author  mentioned  the  subject  of  ring-gauges.  Change  of 
size  of  hole  when  hardening  rings  might  be  largely  prevented  by 
proportioning  the  rings  suitably.  It  was  common  practice  with 
certain  press  dies  and  drawing  dies  to  make  the  die-blank  large  in 
relation  to  the  hole  in  it.  By  rehardening  such  a  die,  the  hole 
might  be  closed  in,  presumably  because  the  outer  zones  of  the  die 
were  cooled  first  and  shrunk  upon  the  inner  zones.  On  the  other 
hand,  if  the  hole  were  large  relatively  to  the  diameter  of  the  blank, 
then  generally  the  hole  became  expanded  in  hardening  the  blank. 
Between  these  two  extremes  there  was  some  ratio  of  blank  diameter 
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to  hole  diameter  at  which  the  diameter  of  the  hole  was  fairly  stable. 
This  depended  also  upon  the  thickness  of  the  blank.  It  was  a 
subject  which  should  have  systematic  research,  being,  like  most  of 
the  questions  raised  in  these  interesting  Papers,  of  great  practical 
importance  in  the  workshop,  particularly  to  tool-makers. 

Mr.  Ralph  Wolfenden,  M.B.E.,  M.Sc,  wrote  that,  during  the 
War,  he  was  Assistant-in-Charge  of  the  Plain  Gauge  Testing 
Department  at  the  National  Physical  Laboratory,  and  a  great  many 
gauges  made  by  the  late  Mr.  Lineham  at  the  Goldsmiths'  College 
passed  through  his  hands.  He  thought  that  the  remarks  made  by 
Colonel  Crompton  were  much  too  severe  and  were  probably  made 
without  cognizance  of  the  circumstances  under  which  Mr.  Lineham 
was  working.  At  the  time  of  these  experiments,  the  Author  was 
making  very  large  quantities  of  gauges — screw-gauges,  plug,  ring, 
form,  and  position  gauges — and  he  was  pressed  by  the  Ministry  of 
Munitions  for  delivery  as  quickly  as  possible.  In  carrying  out  these 
experiments  he  was  not  making  an  elaborate  research  on  hardening, 
but  was  endeavouring,  in  as  short  a  time  as  possible,  to  get  over 
some  of  his  difficulties  in  obtaining  a  hardened  gauge  accurate  to 
within  very  small  tolerances.  He  succeeded  in  doing  this  to  quite 
a  remarkable  extent,  and,  during  the  time  the  writer  was  at  the 
National  Physical  Laboratory,  he  regarded  the  Author's  plain 
gauge  work  as  equal  to  the  work  of  the  best  gauge-makers  in  the 
country,  both  for  accuracy  and  hardness.  The  writer's  experience 
at  the  National  Physical  Laboratory  led  him  to  believe  that  Colonel 
Crompton's  own  work  on  hardening  without  distortion  was  not 
known  to  the  general  body  of  gauge-makers,  and  was  probably  not 
easily  accessible,  as  the  difficulties  Mr.  Lineham  experienced  were 
shared  by  a  large  number  of  makers,  and  few  got  over  them  as 
satisfactorily  as  Mr,  Lineham  did. 

The  remarks  made  by  one  of  the  speakers  on  the  change  of 
dimensions  with  time  were  very  interesting,  and  were  fully  borne 
out  by  the  writer's  experience.  The  writer  believed  that  the 
importance  and  magnitude  of  this  change  was  so  recognized  by  the 
Canadian  Munition  Gauge   Department,  that  every  gauge  issued 
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from  their  storeroom  was  retested  before  issue,  and  that  many 
gauges,  which  were  within  limits  at  the  original  test,  had  to  be 
rejected  for  service  on  the  second  test. 

Mr.  G.  T.  White  wrote,  in  reply,  that  it  was  difl&cult  to 
understand  why  Colonel  Crompton  should  attack  the  Author  of 
the  Papers  for  not  knowing  where  particular  information  was 
hidden.  Surely  there  was  less  discredit  in  ignorance  than  in 
possessing  knowledge  and  remaining  dumb  when  that  knowledge 
was  badly  needed  for  the  general  welfare  of  one's  country.  If 
Colonel  Crompton  had  gone  to  the  Ministry  of  Munitions  or  to  the 
National  Physical  Laboratory  with  the  information  he  possessed, 
that  information  would  have  been  passed  on  to  those  who  were 
concerned  with  its  useful  application,  and  time  spent  on  independent 
research  would  have  been  saved  and  the  delivery  of  munitions 
speeded  up.  The  Author  of  the  Papers,  immediately  he  had 
discovered  and  proved  the  value  of  a  certain  process,  took  steps  to 
make  it  known,  first  through  this  Institution  and  then  through  the 
Ministry  of  Munitions,  to  others  engaged  upon  similar  work  to  his 
own.  There  was  no  withholding  information.  He  (the  Author) 
threw  his  contribution  into  the  pool  without  invitation  or  pressure. 

The  tap  difficulty  mentioned  by  Colonel  Crompton  and  Mr.  Eolt, 
and  at  the  Manchester  Meeting,  was  experienced  at  Goldsmiths' 
College  in  the  making  of  screw  I'ing-gauges,  but  it  was  overcome 
sufficiently  to  be  able  to  produce  very  small  screw  ring-gauges  with 
great  ease.  It  was  the  Author's  intention  to  investigate  the 
distortion  of  taps,  but  ill  health  prevented. 

The  criticism  on  the  First  Law  of  Hardening  was  upon  the 
words  in  which  it  was  expressed  rather  than  upon  its  existence. 
The  statement  of  any  law  with  its  qualifications  omitted  was  open 
to  the  kind  of  objection  raised.  The  root  idea,  however,  was 
contained  in  the  words  used  by  the  Author  of  the  Papers,  and  they 
scarcely  required  defence ;  but,  for  the  benefit  of  any  reader  who 
might  be  misled,  the  following  words  were  taken  from  Sauveur's 
"  Metallography  and  Heat  Treatment  of  Iron  and  Steel,"  chap,  xviii., 
p.  308. 
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"  The  retention  theories  claim  that,  in  hardening  steel,  a 
condition  or  set  of  conditions  existing  normally  above  its  critical 
range  is  retained  unchanged  in  the  cold  or  but  partially  changed 
because  of  the  rapid  cooling  through  and  below  the  critical  range. 
In  other  words,  such  very  quick  cooling  through  the  range  denies 
the  necessary  time  for  the  transformations  to  take  place,  at  least 
fully,  and  a  condition  is  preserved  in  the  cold  which  is  stable  only  above 
or  icithin  the  critical  rawje." 

The  Author's  Second  Law  of  Hardening  claimed  least  distortion 
only  ;  no  claim  was  made  for  any  particular  degree  of  hardness  ;  but 
it  should  be  pointed  out  that  gauges  quenched  at  700°  C.  showed 
excellent  hardness.  Manufacturers  who  visited  Goldsmiths'  College, 
at  the  invitation  of  the  Ministry  of  Munitions  to  see  the  methods 
pursued  there,  all  expressed  the  same  high  opinion,  and  the  N.P.L. 
has  already  given  its  testimony  in  that  direction. 

If  the  Author  had  been  aware  of  Mr.  "William  Taylor's  discovery 
and  use  of  the  change  of  magnetic  properties  of  steel  at  certain 
temperatures,  he  would  unhesitatingly  have  mentioned  the  fact. 
On  behalf  of  the  Author  he  asked  Mr.  Taylor  to  pardon  the  sin  of 
ignorance. 

The  information  required  by  Mr.  J.  F.  Driver  was  that  the 
cutting  compound  was  lard,  oil  and  turpentine.  Blanks  were 
heated  in  a  mufHe  fui^nace  to  about  800''  C.  and  allowed  to  cool 
down  in  the  furnace.  No  chemical  analyses  were  made  ;  the  figure 
0*14  per  cent  carbon  was  that  given  by  the  steel  maker.  Sodium 
cyanide  was  more  easily  obtainable  and  certainly  cheaper  than 
potassium  cyanide.  The  seven  specimens  of  each  set  were  from 
the  same  bar.  The  Author  advanced  the  opinion,  though  unable 
to  support  it  by  the  results  of  experiments  at  the  time  of  writing 
the  Papers,  that  the  quenching  temperatures  advocated  were  equally 
suitable  for  other  carbon  steels. 

]\Ir.  Driver  objected  to  the  store  furnace,  suggesting  it  was 
unnecessary.  This  was  true,  but  its  advantage  was  considerable, 
as  pointed  out  in  the  text  of  the  Paper ;  and  it  might  be  to  no 
small  extent  responsible  for  the  uniformity  of  results  obtained  on 
the  gauges.    He  and  others  raised  the  question  of  fall  of  temperature 
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in  passing  from  the  salt  bath  to  the  quenching  tank  (a  distance  of 
6  feet,  centre  to  centre).  That  a  fall  would  occur  had  not  escaped 
notice  ;  it  was  a  fairly  constant  subject  of  discussion  ;  but  as  furnace 
(salt  bath)  temperatures  were  the  only  ones  that  could  be  known 
with  certainty  and  used  by  the  operator,  naturally  they  were  the 
ones  quoted.  Since  the  specimens  and  the  gauges  were  put  through 
exactly  the  same  movements  in  their  heat  treatment,  it  was 
reasonable  to  assume  that  the  fall  in  temperature  during  transport 
to  the  quenching  tank  was  the  same  in  each  case  and  did  not  need 
compensating  in  any  way.  It  would  be  hardly  fair  to  put  forward 
as  a  manufacturing  possibility  the  temperature  at  entering  the 
quenching  bath  without  at  the  same  time  indicating  how  it  could 
be  obtained.  The  use  of  the  vertical  tube  furnace  mentioned  by 
Mr.  Rolt  and  Mr.  Ayres  reduced  the  loss  in  question  to  practically 
nil,  and  furnished  a  variation  in  the  heat  treatment ;  for  repetition 
work  in  this  case  a  fresh  set  of  quenching  temperature  experiments 
would  be  required. 

Concerning  scleroscope  hardness,  referred  to  by  Mr.  Driver  and 
Dr.  Bramley,  the  reader  of  the  Paper  (Mr.  White)  was  of  the 
opinion  that  scleroscope  tests  did  not  compare  surface  hardness 
where  the  hard  skin  was  only  0 '  003  inch  to  0  •  005  inch  thick  and 
had  a  soft  backing.  The  scratch  test  appeared  much  more  correct. 
It  was  significant  that  Mr.  Driver  found  the  average  hardness  of  a 
particular  batch  of  gauges,  oil  hardened  by  the  methods  suggested 
in  the  Paper,  to  be  67,  the  same  figure  as  that  given  for  his  blanks 
before  machining.  Obviously  some  measurements  were  unreliable 
in  his  tests.  Mr.  Driver's  experiment  upon  a  specimen  taken  from 
across  the  diameter  of  a  3^-inch  bar  was  more  than  interesting, 
and  supported  the  remarks  of  other  speakers  concerning  longitudinal 
distortion ;  it  was  not  specifically  stated,  however,  whether  the 
test-piece  received  any  annealing  treatment  before  machining  and 
hardening. 

With  regard  to  the  tolerances  of  the  examples  (page  473),  the 
difi"erences  between  the  high  and  low  limits  of  diameter  were : — 
0-0008  inch  on  the  full,  0-001  inch  on  the  effective  and  0-001  inch 
on    the    core ;    so    that   the   diameter    distortion    fell   within    the 
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tolerance.  It  should,  however,  be  pointed  out  that  these  two 
gauges  were  some  of  the  first  to  go  through  the  new  treatment, 
and  were  not  selected  as  being  specially  good.  Later,  much  better 
results  were  obtained  as  the  Table  (page  526)  would  show. 

Several  typical  gauges,  from  1*5  inch  diameter  down  to 
0*1038  inch,  together  with  many  actual  screw  dockets  (sheets  on 
which  the  measurements  of  a  gauge  at  the  several  stages  of  its 
manufacture  were  recorded)  were  at  the  Meeting  for  inspection. 

Oval  distortion  was  not  so  serious  as  to  attract  attention  nor  to 
cause  rejection  of  the  gauges  by  the  N.P.L. 

Mr.  G.  H.  Ayres'  point  concerning  fall  of  temperature  in  the 
passage  to  the  quenching  bath  was  answered  in  the  reply  to  Mr. 
Driver  on  the  same  subject.  As  to  chilling  due  to  draught,  no 
observation  was  made. 

Inflow  and  outflow  cocks  to  the  cooling  tank  were  to  facilitate 
keeping  the  temperature  of  the  water  in  the  quenching  tank  near 
that  of  tap-water  which  was  approximately  8°  C.  (46°  F.)  in  winter 
and  12°  C.  (54°  F.)  in  summer.  The  oil  tank  was  deep  and 
suspended  in  the  water  tank,  and  the  provision  of  water  circulation 
served  to  keep  the  oil  cool.  The  figures  22°  C.  (72°  F.)  and  29°  C. 
(84°  F.)  covered  the  rise  in  temperature  of  the  oil  over  the  series  of 
dippings ;  the  actual  temperature  of  the  oil  at  each  individual 
immersion  was  not  taken.  No  experiment  was  made  using  a  layer 
of  oil  on  water.  All  gauges  were  made  to  enter  the  quenching  bath 
in  the  direction  of  their  length,  that  is,  they  were  dipped  verticjilly. 
Dr.  A.  Bramley  seemed  to  have  missed  the  fact  that  the 
.specimens,  Figs.  5  and  6  (page  459),  came  into  the  Author's 
possession  after  the  heating  and  cooling  treatment.  Both 
specimens  were  at  the  Meeting  in  London.  There  was  oxidation 
and  scale  on  them,  and  some  material  might  have  been  lost  by 
sailing  oflf,  also  some  weight  and  volume  might  have  been  gained  by 
oxidation  ;  but  that  the  loss  or  gain  had  been  small  was  evidenced 
by  the  sharpness  of  the  original  edges.  A  third  specimen,  not 
illustrated,  subjected  to  the  same  treatment  and  exhibiting  the 
same  kind  of  distoi'tion,  though  not  carried  quite  so  far,  when 
cut  through  showed  a  perfectly  sound  interior. 
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The  words  used  by  the  Author  (page  466),  "  Nature  insists  on 
keeping  the  volume  constant,"  were  perhaps  unhappily  chosen. 
Their  intention  was  to  convey  the  idea  that  successive  heating  and 
cooling  alone  would  not  tend  to  increase  volume  indefinitely ;  that 
at  the  end  of  each  cycle  of  operations  (a  heating  and  a  cooling)  the 
volume  would  be  the  same  and  the  metal  in  the  same  state,  or  that 
the  well-known  phenomenon  of  increase  of  volume  of  carbon  steel 
on  hardening  was  not  accumulative.  It  might  not  be  so  well 
known  as  the  phenomenon  just  referred  to,  that  successive 
hardening  tended  to  reduce  the  difference  between  the  hardened 
and  annealed  states  of  a  piece  of  steel.  Whether  this  reduction 
went  on  until  the  difference  became  zero,  the  writer  (Mr.  White) 
could  not  say.  In  the  case  of  the  higher  carbon  steels,  where  the 
difference  was  more  marked,  it  might  be  impossible  to  determine, 
on  account  of  possible  loss  of  carbon  changing  the  nature  of  the 
steel.  With  the  specimens  of  Figs.  5  and  6  the  limit  of  difference 
was  probably  reached,  but  what  exact  relation  the  present  volume 
bore  to  the  original  could  not  be  stated.  The  specimens  were 
introduced  as  being  remarkable  examples  of  distortion  and  bearing 
on  the  subject  of  the  Papers  in  that  they  illustrated  the  tendency  of 
a  quenched  piece  of  steel  to  assume  the  spherical  form. 

Dr.  Bramley  took  grave  exception  to  the  Author's  deduction 
from  his  experiments  that  700°  C.  was  the  most  favourable 
temperature  at  which  to  quench  the  steel,  and  looked  upon  the 
crossing  of  the  curves,  Fig.  13,  at  700°  C,  as  a  remarkable 
coincidence  rather  than  indicative  of  a  fundamental  law.  The  reply 
to  this  was  that  the  success  following  the  adoption  of  the  Author's 
conclusions  was  also  remarkable,  and  was  good  evidence  of  their 
value,  Fig.  40  (page  524).  In  connexion  with  this  fundamental  law, 
he  (Mr.White)  would  like  to  add  that  it  might  be  confidently 
looked  for  in  the  near  future  that  reliable  authoritative  experiments 
would  demonstrate  that  quenching  within  the  lower  critical  range, 
and  probably  the  nearer  its  lower  limit  the  better,  would  result  in 
the  least  increase  in  volume  and  least  distortion  whatever  the 
carbon  percentage  of  the  steel ;  hardness  might,  however,  suffer  by 
using  the  lower  temperatures. 


524 

(Mr.  G.  T.  White.) 
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Fig.  40. 
Screw-gauge  Manufacture  for  Aeroplane 
Engines,  1918,  at  Goldsmiths'  College, 

Curve  of  Weekly  Deliveries  and  Curve 

of     Rejections     (temporary     and     all 

subsequently  corrected). 


EXPERIMENTAL 
PERIOD 
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Concerning  the  omission  of  Fig.  7  (page  462)  from  the  final 
deductions  to  which  Dr.  Bramley  objected,  omitting  the  effect  of  the 
bulge  from  the  end  measurements  would  certainly  bring  the  curve 
lower.  The  experiment  was  included  in  the  Paper  in  order  that 
nothing  should  be  withheld  that  had  any  bearing  on  the  object  sought 
after.  The  difficulty  of  determining  the  average  dimension  over 
two  bulged  surfaces,  and  as  the  Author  admitted  initially  not  quite 
parallel,  would  appeal  to  Dr.  Bramley.  Also  as  an  experimenter 
he  would  appreciate  that,  in  first  entering  an  unknown  field, 
inconsistent  results  were  likely  to  be  obtained  until  the  methods 
pursued  were  reduced  to  some  rigidity.  The  curve  of  Fig.  7 
detracted  very  little  indeed  from  the  combination  of  Figs.  8  to  12 
in  Fig.  13.  It  was  comparatively  so  widely  separated  from  them 
that  there  was  strong  suspicion  of  a  different  set  of  conditions 
existing.  The  matter  of  hardness  and  the  use  of  the  scleroscope 
had  already  been  replied  to.  Trouble  from  soft  patches  was  not 
experienced.  Reference  to  previous  work  carried  out  by  other 
investigators  in  this  field  of  research  was  not  given,  because  the 
Author  knew  of  none  bearing  sufficiently  closely  upon  the  matter. 

Mr.  J.  E.  Baty's  experiments  on  the  screwed  specimens  seemed 
to  support,  rather  than  to  disprove,  the  Author's  conclusions.  He 
(Mr.  Baty)  had  treated  two  pieces  in  an  exactly  similar  manner  and 
had  obtained  different  results,  which  the  Paper  distinctly  warned 
him  would  occur  if  water  quenching  were  carried  out  even  a  few 
degrees  above  700^  C.  "With  regard  to  the  influence  of  the  ratio  of 
length  to  diameter,  a  quick  survey  of  a  number  of  screw  dockets, 
chosen  so  as  to  illustrate  the  influence  of  the  ratio  was  given  in  the 
following  Table  (page  526). 

From  that  Table  it  might  be  inferred  that  diameter  suffered 
when  the  ratio  of  length  to  diameter  varied  much  from  unity. 
More  careful  analysis  of  these  and  several  hundreds  more  dockets, 
covering  the  work  at  Goldsmiths'  College,  might  alter  the  figures 
given  for  average  diameter  change,  but  the  alteration  would  be 
slight.  In  nearly  every  case  the  effective  diameter  showed  the 
greatest  expansion,  and  the  difference  between  core  and  full 
diameters  was  increased  after  hardening. 
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Diameter  Changes  of  Oil- Hardened  Screxo- Gauges  for  carious 
Ratios  of  Length  to  Diameter. 


Number  of 
Dockets  ia 
the  batch. 

Screwed  Portion  : 
Length 
Diameter  ~ 

Max.  Change 

in  Diameter 

after  quenching. 

Average  Change 

in  Diameter      1 
after  quenching. 

» 

G6 

(•20  thd  Whit) 

1 

1-525  to  1-2  ~ 
0-65  to  0-83 

9  gauges;  +0-0005 
5  gauges;   -  0-0005 

+0-0002 

to 
+0-0003 

130 

(19  thd  Whit) 

some  water- 

hardoued 

0-281  :.  0-265 
1-OG 

30  gauges; +0-0005 

and  above 
20  gauges; -0-0005 

+0-0003 

to 
+0-0004 

44 
(No.  4,  B.A.) 

0:i275  ^  3.03 
0-14173 

\ 

17  gauges;  +0-0005 

and  above 
2  gauges;  -0-0005 

+0-0003 

34 
(No.  4,  B.A.) 

0-5       -3.5 
0-14173 

20  gauges;  +0-0005 

up  to  +0-0009 

None  minus 

+0-C004 

Pitch  difference  after  hardening ;  generally  +  0-0001  to  -0-0001 

The  objection  to  the  use  of  test  specimens  of  different 
dimensions  from  the  gauges  would  be  removed  if  it  were 
remembered  that  the  tests  in  both  cases,  water  and  oil  quenching, 
had  been  made  with  the  object  of  finding  the  temperature  that  gave 
least  distortion  in  pitch.  If  such  temperature  existed,  what 
mattered  the  size  of  the  test-pieces  used  in  searching  for  it?  The 
actual  distortion  on  any  particular  size  and  shape  of  article  was 
another  consideration,  and  could  be  found  with  less  expense  and 
trouble  when  the  temperature  of  least  distortion  had  been  found  by 
the  aid  of  the  simple  and  cheap  test-pieces. 

Mr.  Baty  stjited  (page  501),  "it  was  generally  contended  by 
steel-makers  that  one  ought  to  harden  on  a  rising  temperature,"  but 
how  the  steel-maker  or  anyone  else  could  perform  such  an  operation 
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he  did  not  suggest.  Dr.  Rosenhain's  special  quenching  apparatus* 
was  probably  the  only  piece  of  apparatus  that  could  effectually 
quench  on  a  rising  temperature.  The  vertical  tube  furnace  made  it 
possible  to  quench  on  a  practically  stationary  temperature,  but  in 
all  cases  where  the  object  to  be  cooled  was  removed  from  the 
furnace  before  immersion  in  the  cold  bath  the  temperature  must  be 
a  falling  one.  Quenching  on  a  falling  temperature  would  seem  to 
be  better  than  quenching  on  a  rising  one,  for  it  offered  the 
advantage  of  the  delay  in  the  transformations  that  took  place 
within  the  critical  range. 

On  behalf  of  the  Author  of  the  Papers  and  himself,  he  thanked 
Mr.  F.  H.  Rolt  for  his  good  report  on  the  gauges  manufactured  at 
Goldsmiths'  College.  With  regard  to  Mr.  Rolfs  doubts  about  the 
size  of  the  test-specimens  being  well  chosen,  in  the  reply  to 
Mr.  Baty  it  was  pointed  out  that  their  size  had  no  bearing  upon 
the  object  of  their  use.  And  with  regard  to  the  fall  of  temperature 
between  the  furnace  and  the  quenching  tank,  an  endeavour  had 
been  made  in  the  reply  to  Mr.  Driver  on  the  same  subject  to  show 
that  allowance  for  the  fall  was  unnecessary,  on  account  of  the 
similarity  of  treatment  of  the  gauges  and  the  specimens. 

The  vertical  tube  furnace,  mentioned  by  Mr.  Rolt,  with  its 
reducing  atmosphere  and  close  proximity  to  the  quenching  tank 
offered  advantages  that  could  not  be  denied,  especially  so  if  the 
gauge  or  other  hardened  article  presented  after  quenching  the 
smooth  untarnished  surface  it  had  in  its  soft  state. 

Mr.  Pilling  asked  for  further  information  respecting  the  steel 
disk.  Fig.  5  (page  459).  By  some  unfortunate  circumstance  the 
orignal  information  at  the  top  of  Fig.  5  did  not  agree  with  the 
dimensions  on  the  illustration.^  The  note  (page  529)  contained  all 
the  information  that  was  now  obtainable. 

Mr.  C.  E.  Stromeyer's  query  about  the  gauges  changing  shape 
with  age  was  answered  in  a  general  way  in  the  affirmative.  It  was 
admitted  that  hardened  carbon-steels  altered  their  form  with  age 

*  Journal,  Iron  and  Steel  Inst.  1908,  I,  page  87. 
t  The  figures  have  now  been  corrected. 
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Probably  the  higher  the  carbon  percentage,  the  greater  the  liability 
to  change.  Mechanics  who  handled  very  accurately  finished 
hardened  steel  tools,  such  as  straight  edges  and  squares,  had 
constantly  to  rectify  changes  of  shape  which  were  certainly  not  due 
to  wear,  especially  during  the  first  few  months  of  the  life  of  the 
tool.  The  rejection  of  some  of  the  gauges  made  at  Goldsmiths' 
College  could  only  be  accounted  for  by  spontaneous  distortion 
between  the  times  of  final  measurement  at  the  College  and 
measurement  at  the  National  Physical  Laboratory. 

!Mr.  P.  R.  Davenport's  experience  of  great  distortion  when 
quenching  at  800°  C.  was  not  surprising,  as  the  temperature  at 
which  he  quenched  would  give  almost  maximum  increase  in  volume 
on  hardening. 

Mr.  Pilling  in  his  concluding  remark,  expressed  very  accurately 
the  essential  point  of  the  Papers,  which  attempted  to  prove  that  the 
prescribed  temperature  was  at  the  lower  critical  point. 

Thanks  were  due  to  Mr.  Ayres  for  the  detailed  description  of  the 
Electric  Hardening  Furnace,  and  to  Mr.  Taylor  for  the  description 
of  his  furnace  and  for  the  correction  of  the  Author's  statement 
concerning  the  first  practical  application  of  the  change  of  magnetic 
properties  of  steel  at  high  temperatures,  each  of  which  he  (Mr.  White) 
was  sure  would  be  welcome  as  a  fitting  addition  to  the  Papers. 

Mr.  Ferdinand  Kayser  referred  (page  514)  to  a  gauge  having  to 
cut  other  threads.  The  gauge  under  these  circumstances  became  a 
tap,  and  the  thin  case  produced  by  cyanide  was  not  advocated  for 
tapping  purposes,  although  such  taps  were  used  at  Goldsmiths' 
College  for  the  final  sizing  operations  on  the  small  screw  ring-gauges. 
It  was  cheap  and  easy  to  make  accurate  taps  on  this  principle,  but 
their  life  was  short. 

Mr.  Kayser's  statement  that  many  of  the  treatments  mentioned 
in  the  Papers  would  not  produce  hardness  at  all,  was  disproved  by 
the  fact  that  between  2000  and  3000  gauges  so  treated  (oil 
hardened)  were  passed  by  the  N.P.L.  The  heaviest  ones  weighed 
18  07..,  the  .screwed  portion  being  1*525  inch  diameter  by  1*06 
inch  length  and  the  proportion  by  volume  of  the  screwed  part  to 
huudlc  0-415  to  0-71. 
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Mr.  Kayser  also  pointed  out  that  "  thermal  hysteresis  "  caused 
the  arrest  points  on  heating  to  be  considerably  above  those  on 
cooling.  This  was  to  the  advantage  of  the  article  being  quenched 
on  a  falling  temperature,  as  mentioned  in  the  reply  to  Mr.  Baty's 
remarks  at  the  London  meeting. 

Referring  to  Mr.  William  Taylor's  description  (page  516)  of  the 
methods  employed  by  his  Company,  the  lengthening  of  the  gauge 
by  water  hardening  and  shortening  it  by  oil  hardening,  was  in  fair 
harmony  with  the  curves  on  pages  464  (the  water  curves)  and  472 
(the  oil  curves) ;  the  former  showed  expansion  in  nearly  every 
case  and  the  latter,  omitting  the  unannealed  specimens,  showed 
contraction  as  well  as  expansion,  both  very  close  to  the  zero  line. 

On  behalf  of  the  Author,  he  thanked  Mr.  Wolfenden  for  his 
appreciative  remarks  concerning  the  gauges  made  at  Goldsmiths' 
College. 

Note  of  Correction  of  Fig.  5  (page  459).  Mr.  White  regretted 
that  an  error  in  the  Paper  on  Water  Hardening  was  allowed  to  pass 
uncorrected,  before  the  issue  of  the  pi-eliminary  copies.  On  pages 
8  and  9  of  those  copies  the  linear  dimensions  and  volume  as  given 
for  the  original  disk,  Fig.  5,  were  incorrect.  The  size  of  the 
original  was  not  known.  When  the  Papers  were  under  revision, 
the  specimens  were  not  available.  They  however  came  into  Mr. 
White's  possession  three  days  before  the  reading  of  the  Papers  in 
London,  and  since  then  he  had  measured  the  distorted  [piece. 
Fig.  5,  and  found  the  linear  dimensions  as  given  on  the  sketch  to 
be  correct,  but  the  volume  measured  by  displacement  of  distilled 
water  was  9 '315  cubic  inches.  Not  having  the  Author's  rough 
notes,  he  could  not  say  how  the  error  crept  in.  It  would  appear 
that  the  dimensions  given  at  the  top  of  Fig.  5  must  refer  to  another 
piece  of  steel,  which  he  had  been  unable  to  obtain.  He  felt 
confident  that  Mr.  Lineham  had  good  grounds  for  stating  the 
figures  he  did,  and  that  the  volumes  before  and  after  distortion  as 
given  on  page  9  of  the  preliminary  copies  were  correct  for  some 
specimen  now  lost.  The  present  weight  and  volume  of  the  piece 
illustrated  at  Fig.  5  were  now  inserted  on  page  459. 
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The  Anniversary  Dinner  of  the  Institution  was  held,  after  an 
interval  of  six  years,  at  the  Connaught  Rooms,  Great  Queen  Street, 
London,  on  Thursday  evening  22nd  April  1920.  The  President 
occupied  the  Chair;  and  the  following  were  among  the  Guests  who 
accepted  the  invitations  : — 

The  Right  Hon.  Lord  Birkenhead  (Lord  High  Chancellor) ; 
Major-General  Sir  W.  A.  Liddell,  K.C.M.G.,  C.B.,  R.E.  (Director 
of  Fortifications  and  Works) ;  The  Right  Hon.  Viscount  Doneraile 
(Mayor  of  Westminster)  ;  Sir  H.  Acton  Blake,  K.C.M.G.,  K.C.V.O- 
(Deputy  Master,  Trinity  House) ;  Sir  Sydney  J.  Chapman,  K.C.B. 
(Joint  Permanent  Secretary,  Board  of  Trade) ;  Sir  F.  W.  Dyson, 
LL.D.,  F.R.S.  (Astronomer  Royal) ;  The  Rev.  Canon  Carnegie 
(Rector  of  St.  Margaret's). 

Presidents  of  Technical  Institutions :  Sir  Joseph  J.  Thomson, 
O.M.,  D.Sc.  (Royal  Society) ;  Sir  John  P.  Griffith  (Institution  of 
Civil  Engineers) ;  Professor  A.  Fowler,  F.R.S.  (Royal  Astronomical 
Society)  ;  Mr.  Roger  T.  Smith  (Institution  of  Electrical  Engineers)  ; 
Eng.  Vice- Admiral  Sir  George  Goodwin,  K.C.B.,  LL.D.  (Institute 
of  Metals) ;  Mr.  John  W.  Simpson  (Royal  Institute  of  British 
Architects);  Sir  W.  H.  Bragg,  K.B.E.,  F.R.S.  (The  Physical 
Society) ;  Dr.  T.  Blackwood  Murray  (Institution  of  Engineers 
and  Shipbuilders  in  Scotland) ;  Mr.  A.  E.  Doxford  (N.E.  Coast 
Institution  of  Engineers  and  Shipbuilders) ;  Mr.  Thomas  Clarkson 
(Institution  of  Automobile  Engineers) ;  Mr.  R.  B.  Ransford 
(Chartered  Institute  of  Patent  Agents) ;  Mr.  J.  H.  Gibson 
(Liverpool  Engineering  Society) ;  Mr.  H.  E.  Stilgoe  (Institution 
of  Municipal  and  County  Engineers) ;  Mr.  F.  Merricks  (Institution 
of  Mining  and  Metallurgy). 

Mr.  P.  F.  Rowell  (Secretary,  Institution  of  Electrical  Engineers) ; 
Mr.  R.  W.  Dana  (Secretary,  Institution  of  Naval  Architects) ;  Mr. 
A.  L.  Evans  (Chairman,  Graduates'  Association) ;  Mr.  E.  W.  Moss 
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and  Mr.  C.  F.  Edwards  (Joint  Hon.  Secretaries,  Graduates' 
Association). 

Professor  J.  O.  Arnold,  D.Met.,  F.R.S. ;  Mr.  Eric  M.  Bergstrom  ; 
Mr.  D.  Brownlie ;  Mr.  W.  S.  Douglas :  Mr.  Bryan  E.  Johnson  ; 
Mr.  F.  H.  Norwood  ;  Mr.  Loughnan  Pendred  ;  Professor  T.  Turner  ; 
Dr.  A.  E.  H.  Tutton,  F.R.S. ;  Mr.  F.  A.  Wilcox. 

The  President  was  supported  by  the  following  Members  of  the 
Council : — Past-Presidents  :  Sir  John  A.  F.  Aspinall ;  Mr,  Michael 
Longridge,  C.B.E. ;  Mr.  William  H.  Maw,  LL.D.  Vice-Presidents  : 
Mr.  J.  Rossiter  Hoyle  ;  Mr.  Mark  H.  Robinson.  Members  of  Council : 
Mr.  Daniel  Adamson ;  Mr.  R.  W.  Allen,  C.B.E. ;  Sir  John  Dewrance, 
K.B.E. ;  Mr.  H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S. ;  Sir  Gerard  A. 
Muntz,  Bart. ;  Mr.  William  H.  Patchell ;  Sir  Vincent  L.  Raven, 
K.B.^. ;  Mr.  William  Reavell;  Mr.  David  E.  Roberts;  and  Mr. 
Richard  Williamson. 


The  Royal  Toasts  were  proposed  by  The  President,  and  were 
duly  honoured. 

"THE  HOUSES  OF  PARLIAMENT." 

!Mr.  William  H.  Patchell  (Member  of  Council),  in  proposing  the  Toast 
of  "  The  Houses  of  Parliament,"  said :  Mr.  President,  my  Lords,  and 
Gentlemen,  I  am  entrusted  with  the  duty  of  saying  something  about  the 
Houses  of  Parliament.  We  have  three  Members  in  the  House  of  Lords. 
Gentlemen,  the  House  of  Lords  seems  to  me  to  be  like  the  "  never-never 
land  "  ;  our  Members  who  go  there  do  not  come  back  to  us.  We  have  Lord 
Weir  on  the  Council.  We  do  not  begrudge  him  to  the  House  of  Lords ;  we 
expected  great  things  from  him,  but  we  are  always  philanthropic.  With 
regard  to  the  House  of  Commons,  our  first  thoughts  go  out  to  our  immediate 
Past-President,  Dr.  Edward  Hopkinson.  When  last  spring  we  elected  him 
as  our  President,  we  thought  we  were  about  to  have  a  very  good  year,  a  good 
year  for  the  House  of  Commons,  and  a  good  year  for  The  Institution. 
Unfortunately,  Dr.  Hopkiuson's  health  broke  down  completely.  I  heard 
from  him  lately — he  had  spent  sixteen  weeks  in  bed.  Naturally,  that  has 
prevented  him  doing  the  work  he  anticipated  for  us  or  in  the  House  of 
Commons.     Let  us  hope  that   his   health  will  soon  be  completely  restored, 
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and  that  he  will  show  us  that  he,-  as  one  of  our  Past-Presidents,  is  not  an 
extinct  volcano.  We  have  seven  Members  of  the  Institution  in  the  House 
of  Commons.  We  would  like  to  hear  more  of  them,  but  we  have  to  be 
satisfied.  Our  younger  Members  look  up  to  the  House  of  Commons  as  a 
"  top-hole  "  sort  of  Institution.  I  do  not  exactly  know  what  class  of  Trades 
Union  it  is,  but  it  is  enviable,  because  the  Members  fix  their  own  hours  of 
employment  and  their  own  rates  of  pay ;  and  I  think  in  that  they  are 
iinique.  Further,  they  are  actually  at  the  present  time  moving  to  have 
their  pay  doubled  (Laughter),  and  suggesting  free  travelling  tickets.  I  had 
hoped  that  we  should  have  had  Sir  Eric  Geddes  here  to-night  to  tell  us 
whether  he  was  going  to  frank  those  tickets.  From  the  rate-payers'  point  of 
view,  we  hope  not.  There  is  another  thing  about  the  House  of  Commons 
which  is  rather  nice.  Although  Members  get  no  pay  for  overtime,  I 
understand  that  if  they  once  take  their  seat  they  draw  their  pay  for  a  year. 
Gentlemen,  we  have  with  us  to-night  a  distinguished  member  of  the  Upper 
House,  the  Lord  High  Chancellor,  Lord  Birkenhead,  who,  I  hope,  is  prepared 
to  tell  us  about  the  Houses  of  Parliament  and  to  help  us  to  understand  the 
present  time.  Lord  Acton,  I  think  it  was,  said  that  "  the  prize  for  the  study 
of  history  is  the  understanding  of  modern  times."  Lord  Birkenhead  is  well 
qualified  to  claim  that  prize,  as  he  has  won  it  with  very  many  other  honours. 
At  any  rate,  we  leave  it  to  his  Lordship  to  tell  us  something  about  these 
modern  times.  Gentlemen,  I  give  you  the  Toast  of  "The  Houses  of 
Parliament,"  coupled  with  the  name  of  the  Right  Hon.  The  Lord  High 
Chancellor. 

The  Toast  was  enthusiastically  honoured. 

The  Right  Hon.  The  Lord  High  Chancellor  (Lord  Birkenhead),  in 
responding  to  the  Toast,  said  :  Mr.  President,  My  Lords,  and  Gentlemen,  the 
Toast  which  has  been  moved  in  such  kind  language  by  Mr.  Patchell  seemed 
to  me  to  be  already  a  considerable  one.  It  covered  both  Houses  of  Parliament, 
but  he  has  been  good  enough  in  addition  to  ask  me  to  explain  to  him  and  to 
the  company,  modern  times  or  the  days  in  which  we  live.  He  has  spoken  of 
the  Houses  of  Parliament  as  he  sees  them  at  Westminster.  To  every  Anglo- 
Saxon  community  they  mean  not  only  that  which  greets  the  eye,  and  greets 
it,  as  I  think,  in  spite  of  architectural  criticisms,  with  immense  and 
incomparable  distinction  in  the  outward  fabric  of  the  Houses  of  Parliament, 
but  he  who  moves  that  Toast  and  he  who  replies  to  that  Toast  has  always 
present  in  his  mind  the  knowledge  that  all  that  Parliament  stands  for  has  been 
challenged  in  the  last  five  years,  although  that  immediate  challenge  has 
received  its  answer.  It  has  been  determined,  in  other  words,  by  the 
democracies  of  the  East  and  of  the  West.  As  they  were  indisputably  superior  in 
the  arts  of  peace,  so  they  are  superior  in  the  arts  of  war  to  the  system  which 


534  ANNIVEKSARY   DINNER.  Apkii.  1020. 

(Tlif  Lord  High  Chancellor.) 

is  founded  upon  despotism.  Parliamentary  Institutions,  of  which  this 
countr}'  was  the  exemplar  to  the  whole  world,  have  taught  that  lesson  upon  a 
scale  which  will  never  he  forgotten  as  long  as  history  is  recorded  and  read. 
But  we  are  told  that  sterner  trials  still  await  the  Parliamentary  system.  We 
are  told  that  democracy,  with  all  its  faults — and  all  of  us  know  them — is  not 
the  system  which,  though  it  has  conquered  what  we  thought  up  to  the  present 
was  the  alternative  system,  namely,  autocracy  or  despotism,  is  still  not  to  bo 
the  Government  of  the  world  for  the  future.  Well,  at  least  it  has  lasted  long 
enough,  hefore  we  dismiss  it,  to  justify  a  very  short  word  as  to  the  credentials 
of  those  who  propose  to  supplant  it  and  replace  it.  Who  are  they  ?  They  are 
the  admirers  of  the  Russian  system.  They  tell  us  that  the  majority  ought 
not  to  rule ;  they  tell  us  that  Parliament  is  ohsolete,  that  it  will  shortly  be 
superseded  by  Committees  of  Shop  Stewards  and  other  well-equipped 
statesmen.  I  have  only  to  say  to  those  people  that  they  are  not  dealing  with 
Russia  ;  they  are  dealing  with  Great  Britain  and  the  British  Empire.  They 
are  dealing  with  a  country  in  which  sanity  is  an  old  and  inextinguishable 
tradition;  and  if  they  ar6  of  opinion  that  they  are  going  to  replace  the 
decision  of  the  majority,  whether  it  be  right  or  whether  it  be  wrong,  by  the 
dictation  of  men  who  begin  by  telling  you  that  they  are  in  a  minority,  who 
begin  by  telling  you  that  if  they  can  conquer  their  purpose  in  the  ballot-box 
they  would  do  it,  but  that  it  is  only  because  they  own  they  are  condemned  to 
be  in  a  minority  that  they  prefer  these  alternative  methods  to  the  old 
constitutional  systems  under  which  we  have  grown  to  greatness.  I  can  assure 
you  that  their  conclusions  will  be  contested,  and  the  victory  will  not  be 
gained  peacefully.  Do  not  let  them  suppose  that  a  majority  in  this  country — 
a  majority  which  could  assert  and  prove  itself  in  the  ballot-box,  if  it  is  given 
the  opportunity  of  doing  so,  will  surrender  to  a  system  which  denies  to 
Parliament  its  authority,  withdraws  from  an  admitted  majority  of  the  citizens 
of  this  country  the  right  of  determining  their  destinies.  The  tyranny  of  the 
autocrat,  the  tyranny  of  the  absolute  monarchy  which  wo  broke  for  ever  with 
the  first  Charles  and  with  the  second  James,  would  be  preferable  to  the 
tyranny  that  is  held  out  to  us  as  a  menace  by  those  who  talk  in  those  terms. 
And  therefore  when  I  speak  to  you,  as  I  do  to-night  in  replying  on  behalf  of 
the  Houses  of  Parliament,  I  speak  of  Houses  of  Parliament  of  no  particular 
political  complexion.  I  care  not  what  their  views  may  be,  let  them  gain  their 
majority  in  the  House  of  Commons  if  and  when  they  can ;  let  them  {assert 
their  policy  by  those  whom  they  have  sent  to  the  House  of  Commons  if 
and  when  they  can,  but  until  they  have  done  it  let  us  have  no  more  of  these 
insolent  and  revolutionary  threats.  I  have,  My  Lords  and  Gentlemen,  only 
this  to  add.  I  am  here  to-night  as  the  representative  of  a  Government 
which,  if  I  can  believe  a  great  section  of  the  party  Press,  which  depresses 
me  each  morning  at  breakfast— has  committed  every  fault ;  has  been  guilty 
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of  every  act  of  incompetence ;  is  contemplating  one  breach  after  another  of 
everything  that  can  secure  the  fruits  of  victory  to  this  country ;  is,  in  its 
interference  with  domestic  affairs,  a  malignant  influence  gradually  but 
certainly  destroying  any  hope  which  the  nation  ever  had  of  reconstructing 
itself  after  the  war.  Such  are  the  leading  articles  which  daily  I  read.  All 
that  these  papers  say  about  us  may  be  true,  but  it  is  a  surprising  thing  that  we 
have  just  had  seven  or  eight  by-elections  at  which  our  policy  has  been 
challenged.  I  hope  that  those  who  uttered  these  warnings  and  those  who 
competed  in  those  elections  like  the  results.  I  can  only  tell  you  that  we  are 
very  pleased  with  them.  I  would  say  in  all  seriousness  that  I  believe  the 
reason  why  the  country  in  so  many  contests  has  given  us  so  much  of  its 
confidence  in  the  last  fortnight  or  three  weeks  is  not  in  the  least  because  they 
are  satisfied  with  all  that  we  have;done,iis  not  in  the  least  because  they  are 
content  with  the  conditions  under  which  they  live  to-day.  But  I  believe  they 
say  this :  No  Government  in  English  history,  not  even  including  that  great 
Government  which  served  under  Mr.  Pitt  and  won  a  part  of  his  glory,  has  ever 
borne  greater  responsibilities,  has  ever  gone  through  a  more  anxious  and  a 
more  terrible  period  in  our  national  history.  And  they  know  this,  that  while 
we  have  made  great  mistakes  (although  then  we  were  not  conscious  of  them), 
we  never  faltered  on  the  fundamental  issue  as  to  whether  we  could  win  a 
peace  which  imposed  our  will  upon  our  enemies.  We  never  faltered  upon 
that  issue  during  the  War,  and  in  the  critical  fifteen  months  which  have 
succeeded  the  War  we  have  never  ceased,  whether  we  have  been  right  or 
wrong  in  a  particular  decision,  to  contribute  everything  that  is  in  our  power, 
by  anxious  and  unbroken  labours,  to  win  for  this  country  permanently, 
and  to  render  secure  for  all  time,  the  great  fruits  of  the  sacrifices  of  our 
soldiers  in  the  field.  We  have  done  our  best ;  and  I  think  it  is  because  the 
country  has  realized  that,  whether  we  have  succeeded  or  not  in  all,  we 
have  not  wholly  failed  in  the  fundamental  particulars  on  which  any 
patriotic  Minister  must  act,  that  the  country  continues  to  have  confidence  in 
us.  We  descry,  far,  far  away  it  may  be  at  this  moment,  but  nevertheless 
clearly,  some  signs  of  the  breaking  of  that  dawn  which  will  once  again  usher 
in  normal  days,  once  again  afiord  to  us  the  hope  that  this  Empire,  which  never 
stood  so  high  as  the  result  of  the  War,  will  claim  and  garner  in  for  all  time 
the  fruits  of  the  victories  which  have  placed  the  martial  qualities  of  Great 
Britain  and  the  Empire  upon  a  higher  plane  than  they  stood  even  on  the 
morning  of  the  day  that  followed  the  Battle  of  Waterloo. 

"HIS  MAJESTY'S  FORCES." 

The  President  :  My  Lords  and  Gentlemen,  The  Toast  I  have  the  honour 
to  propose  to  you  is  that  of  "  His  Majesty's  Forces."  It  is  a  Toast  which  has 
always  been  well  received  by  all  gatherings  of  British  people,  but  to-day  it  is 


536  ANNIVERSARY   DINNER.  April  1920. 

(The  President.) 

better  received  than  ever,  especially  at  a  gathering  of  Mechanical  EDgineers. 

It  is  very  comprehensive,  as  it  includes  the  Navy,  the  Army,  and  the  Air 

Force,  and,  with  all   those   branches  of   His   IMajesty's  Forces,  Mechanical 

Engineers  are  concerned.     A  largo  number  of  the  IMembors  of  The  Institution 

joined  His  Majesty's  Forces,  as  a  matter  of  fact  over  1,400,  but  many  were 

unable  to  avail  themselves  of  this  privilege,  and  had  to  remain  at  their  posts 

in  the  works  to  carry  on  the  manufacture  of  munitions;  even  so,  they  very 

directly  helped  the  country  to  win  the  War.      In  my  capacity  as  Engineering 

Advisor  to  the  Director  of  Fortifications  and  Works,  it  was  my  privilege  to 

see  the  enormous  amount  of  work  done  by  the  Army  at  the  front,  and  those 

who  had  not  that  privilege  can  have  no  conception  of  the  stupendous  amount 

of  work  involved.       It   may  interest  you   to  know  that  three-fifths  of  the 

Army  were   fighting  troops,  and  that  the  duty  of  the  remaining  two-fifths 

was  to  move  the  three-fifths   and   supply   them   with   food  and  munitions. 

Amongst  the  three-fifths  were  many  Mechanical  Engineers  gallantly  fighting 

iii  the  trenches  as  Infantry,  a  large  number  were  doing  their  professional 

work   in    the    Artillery,   the    Royal    Engineers,   and    other    similar   Corps. 

Obviously  the  two-fifths  were  largely  composed  of  Engineers,  of  whom  many 

were  Mechanical  Engineers.     In  olden  days  the  Toast  I  am  now  proposing 

to  you  applied  to  a  body  of  men  who  were  somewhat  distinct  from  the  rest 

of  the  nation,  and  whose  proceedings  were  wrapped  in  a  certain  mystery. 

The  War,   however,   turned  the    nation    into    His    Majesty's    Forces,   and 

although  these  Forces  have  now  shrunk  almost  to  pre-war  dimensions,  we 

cannot  forget  that  they  are  still  one  with  ourselves ;  this  feeling  of  sympathy 

gives  this  Toast  a  very  real   meaning.     For   six   years   there  has   been   no 

opportunity  of  proposing  this  Toast  at  the  Institution,  and  therefore  we 

must  include  in   it  all   those   who   have   served   but   who   have   now   been 

demobilized  to  go  back  to  their  work  to  carry  on  the  industrial  war.     We 

must  also  not  forget  those  who  have  given  up  their  lives  in  the  great  cause. 

As  I  have   already  mentioned,  Mechanical   Engineers   are   connected  with 

many  branches  of  the  Service,  but  perhaps  you  will  permit  me,  as  an  old 

R.E.  officer  who   received  his  first   commission  47   years   ago,  specially   to 

mention  the  Koyal  Engineers  in  connexion  with  this  Toast.     In  so  doing  I 

would  like  to  couple  with  it  the  name  of  Major-General  Sir  William  Liddell, 

K.C.M.G.,  who  is  now  the  Director  of  Fortifications  and  Works,  the  highest 

technical  post  to  which  an  officer  of  the  Engineers  can  attain.      During  the 

War   he   held   a  very  important   post   at   General    Headquarters    until    he 

became  the  Chief  Engineer  of  the  Third  Army,  that  Army  which  helped  to 

stem  the  Gorman  advance  in  April  1918. 

Gentlemen,  I  give  you  the  Toast  of  "  His  Majesty's  Forces,"  coupled  with 
the  name  of  Sir  William  Liddell. 
The  Toast  was  duly  honoured. 
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Major- General  Sir  William  Liddell,  K.C.M.G.,  C.B.,  in  responding, 
said:  Mr.  President,  My  Lords,  and  Gentlemen,  In  pre-war  days  the  task  of 
replying  to  this  Toast  was  a  comparatively  light  one,  and  the  replies  were 
more  or  less  stereotyped.  Both  naval  and  military  officers  protested  that 
their  officers  and  men  were  ready  to  go  anywhere  and  do  anything.  That 
remark  was  true,  and  it  is  true  to-day.  It  is  this  attribute  which  is  assigned 
to  a  military  officer  that  has  led  me  to  accept  the  invitation  to  reply  on 
behalf  of  His  Majesty's  Forces,  for  His  Majesty's  Forces  have  included,  and 
do  include  potentially,  the  whole  manhood  of  the  British  Empire.  I  also 
think  that,  in  a  reply  to  this  Toast,  one  should  make  some  reference  to  that 
of  the  Ladies.  It  would  tax  the  powers  of  a  Demosthenes  or  of  a  Lord  High 
Chancellor  to  reply  on  behalf  of  the  best  part  of  a  nation,  and  the  ladies. 
Fortunately  for  you,  I  am  not  going  to  attempt  it.  But  there  is  one  aspect 
on  which  I  may  perhaps  be  allowed  to  make  a  few  remarks.  These  old 
fighting  Services  of  ours  have  during  past  years  acquired  their  traditions. 
Some  of  them  may  be  petty,  some  fanciful,  and  some  perhaps  absurd,  but  the 
bulk  of  them  were  sound,  and  it  was  through  them  we  were  able  to  imbue 
with  the  characteristics  of  our  old  Services  the  generations  of  raw  recruits 
which  passed  through  the  ranks,  and  we  were  enabled  to  form  a  fighting 
machine  more  efficient  and  more  glorious  than  the  world  has  ever  seen.  As 
the  War  progresed,  new  forms  and  new  units  founded  their  traditions,  and 
none  could  be  finer.  The  Air  Force  established  a  reputation  for  daring 
gallantry  which  has  become  proverbial.  In  what  you  may  call  domestic 
matters,  the  care  of  the  men,  good-fellowship  and  self-sacrifice,  our  traditions 
have  been  maintained.  I  hope  that  some  of  these  traditions  will  be  carried 
back  into  civil  life.  But  the  greatest  accomplishment  of  all  is  that  the 
country  has  smashed  one  old  bad  tradition,  namely,  that  the  fighting 
Services  were  a  thing  apart  from  the  bulk  of  the  nation.  We  have  now 
nearly  all  of  us  gone  through  the  same  mill.  The  Nation  and  the  Services 
are  knit  together  with  sympathy  and  understanding.  We  want  to  keep  up 
this  new  tradition  and  to  kill  the  old  one.  His  IMajesty's  Forces  will  still  need 
the  help  and  co-operation  of  all  their  civilian  brethren  if  they  are  to  remain 
efficient.  The  late  War  has  been  in  a  measure  an  Engineers'  War.  You  will 
be  able  to  co-operate  with  us  more  than  anyone  else,  because  the  next  war, 
if  it  comes,  will  be  a  Mechanical  Engineers'  War,  since  the  use  of  Mechanical 
and  Electrical  power  must  inevitably  increase,  I  am  sure  that  no  measures 
will  be  wanting  on  the  part  of  the  Services  to  co-operate  with  great 
Institutions  such  as  this.  The  Institution  of  Mechanical  Engineers,  and  I 
know  on  your  side  that  you  will  do  your  best  to  help  us. 

"  KINDRED  SOCIETIES." 
Sir  John  DEWKA^•CK,  K,B,E.  (Member  of  Council),  said ;  Mr,  President, 
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my  Lords  and  Geutlomcn,  I  have  tho  honour  to  present  to  you  the  next 
Toast,  which  is  the  very  important  one  of  "  Kindred  Societies."  It  has  been 
a  very  great  pleasure  to  me  during  my  life  to  feel  how  much  these  Kindred 
Societies  have  gradually  grown  to  work  together.  In  the  past  wo  have  seen 
how  they  united  to  form  and  to  carry  on  the  British  Engineering  Standards 
Association,  which  has  done  such  great  work  for  the  engineering  of  this 
country.  The  Kindred  Societies  also  joined  together  to  start  and  to  carry 
on  the  National  Physical  Laboratory,  and  I  think  we  must  all  feel  that  during 
the  War  the  existence  of  the  National  Physical  Laboratory  was  a  very  great 
asset  to  the  nation.  Then  the  Conjoint  Board  of  Scientific  Societies  has 
done  a  very  great  deal  of  work.  These  Kindred  Societies  arc  established  and 
carried  on  for  the  further  and  continuous  education  of  men  engaged  in 
diSerent  scientific  and  engineering  pursuits.  There  is  one  point  in  that 
connexion  which  I  want  specially  to  touch  upon,  namely,  the  introduction  into 
their  ranks  of  new  Members.  The  education  of  the  Members  before  they  join 
these  Societies  is  not  dissociated  from  the  subject  of  education  generally,  and 
the  Kindred  Societies  have  recently  joined  together  with  the  object  of 
instituting  commercial  degrees  at  the  University  of  London,  and  that,  I  am 
glad  to  say,  has  now  become  an  accomplished  fact.  I  do  not  consider  that  the 
membership  of  any  of  our  Kindred  Societies  should  be  held  to  be  equivalent 
to,  or  in  any  way  comparable  with,  the  degrees  which  are  given  in  the 
Universities  throughout  the  Kingdom  ;  nor  do  I  consider  that  the  membership 
of  any  of  these  Societies  should  be  considered  to  be  a  guarantee  of  efficiency 
of  the  Members.  I  do  hope  that  the  little  difficulty  which  has  occurred  in 
this  respect  during  the  past  year  will  be  dealt  with  by  the  Kindred  Societies 
in  a  spirit  of  mutual  concession  and  mutual  consideration,  and  that  we  shall 
overcome  the  difficulty  which  has  somewhat  threatened  our  peace  of  mind 
during  the  past  year.  I  can  only  express  the  hope  that,  whatever  may  be  the 
outcome  of  this  movement,  we  shall  have  the  pleasure  on  many  occasions  in 
the  future  of  welcoming  the  representatives,  and  drinking  to  the  health,  of 
Kindred  Societies. 

The  Toast  was  duly  honoured. 

Sir  Joseph  J.  Thomson,  O.M.,  D.Sc.  (President  of  the  Royal  Society),  in 
responding,  said :  Mr.  President,  my  Lords  and  Gentlemen,  I  feel  it  is  a 
great  honour  and  a  great  privilege  to  be  called  upon  to  reply  to  the  Toast  of 
the  kindred  Societies  of  this  country.  At  the  same  time  I  am  glad  to  be 
able  to  claim  a  more  personal  and  domestic  relation  with  The  Institution  of 
Mechanical  Engineers,  because  your  Secretai-y — whose  absence  this  evening 
we  so  much  regret — and  I  were  fellow-students  of  Engineering  at  the  old  Owens 
College  at  Manchester.  It  is  only  an  accident  that  I  am  dining  here  to-night 
as  a  guest  rather  than  as  one  of  your  Members,  because  I  was  intended  for 
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the  engineering  profession.     I  entered  on  my  studies  of  mathematics  and 
physics  for  the  sake  of  engineering.     Along  with  Mr.  Worthington  and  his 
brother,  a  distinguished  Civil  Engineer,  I  was  a  student  in  Manchester  under 
that  very  distinguished  man,  Professor  Osborne  Reynolds.    I  once  gained  a 
scholarship  for  Engineering ;  I  certainly  possess  a  diploma  in  Engineering, 
so   that   I  may  claim,   on  paper  at   any   rate,   to   be  an  engineer.    Well, 
Gentlemen,  I  have  never  found,  although  my  life  has  been  devoted  to  the 
more  abstruse  branches  of  science,  any  discontinuity  between  the  methods 
which  I  pursued  when  I  was  a  student  of  Engineering  and  when  I  became  a 
student  of  what  is  called  Pure  Science.     The  methods,  to  a  great  extent  the 
difficulties,  are  the  same,  whether  we  call  science  pure  or  whether  we  call  it 
applied.     I  am  not  sure  that  in  some  respects  the  difficulties  of  those  who 
form  this  Institution  are   not   perhaps  somewhat  greater  than  those  who 
devote  themselves  to  the  more  abstract  regions.     We  have  to  battle  against 
the  forces  of  nature ;   you,  in  addition,  have  to  battle  against  the  forces  of 
human  nature.     I   have   had  experience   of  many  instruments  and  many 
difierent  pieces  of  apparatus,  but  I  think  the  human  being  transcends  all  the 
instruments   which   crowd   our  laboratories.     I  think  the  War  has  done  a 
great  deal  to   promote  a  better  understanding   between  those  who   devote 
their  attention  to  different  aspects  of  science.     I  was  concerned  in  a  good 
many  of  the  Institutions  which  were  called  into  being  to  apply  science  to  the 
needs  of  our  Forces,  and  certainly  I  was  led  to  realize,  much  more  vividly 
than  I  had  ever  done  before,  the  great  difference  that  exists  between,  so  to 
speak,  inventing  a  thing  in  a  laboratory  and  bringing  it  to  the  stage  at  which 
it  could  be  useful  under  the  rough  usage  to  which  it  is  exposed  when  it  goes 
out  to  the  world.     I  think  the  experience  of  the  War  must  have  shown  to  aU 
engineers  that  there  can  be  practically  no  addition  to  our  knowledge  of 
nature  which  cannot  be  utilized  in  the  service  of  man.     Many  years  ago, 
when    investigating   some   very   abstract  problems   in   connexion  with  the 
discharge  of  electricity  through  gases,  I  came  across  some  minute  beings  far 
more  minute  than  the  ordinary  atom.     I  thought  it  was  interesting,  but  I 
never  dreamt  that   it   would    be   of    any  commercial  importance.      Those 
electrons,  as  they  are  called,  must  during  the  War  have  absorbed  capital 
amounting,  I  suppose,  to  many  millions.     They  were  found  to  be  of  great 
service    in    connexion    with    what  •  are    called    actinomic    valves    for    the 
detection  of  electric  waves,  and  they  were  manufactured  literally  in  millions. 
That  is  a  rather  striking  example,  because  the  thing  seemed  so  remote,  that 
the  possibility  of  its  application  seemed  almost  beyond  any  human  thought. 
I  hope  this  will  lead  to  a  closer  co-operation  between  what  is  called  applied 
science  and  pure  science — between  those  who  dig  up  the  ore  from  the  mine 
and  those  who  forge  it  into  the  finished  weapon — and  in  that  I  hope  that  this 
Institution  will  render  the  great  aid  which  it  has  rendered  all  through  the  War. 
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"THE  VISITORS." 

Sir  John  A.  F.  Aspinall  (Past- President)  said :  Mr.  President,  my  Lords 
and  Gentlemen,  I  have  been  asked  to  propose  the  Toast  of  "  The  Visitors," 
and  to  connect  with  it  the  name  of  the  Eight  Hon.  Viscount  Doneraile, 
]\Iayor  of  Westminster.  The  President  has  requested  me  to  express  our 
regret  at  the  absence  of  some  of  those  guests  who  had  promised  to  be  present, 
and  who,  from  pressure  of  official  duties  at  the  last  moment,  have  been 
prevented  from  coming.  We  were  to  have  had  here  to-night  the  High 
Commissioners  for  both  Canada  and  New  Zealand,  and  if  Australia  had  been 
present  in  the  person  of  her  High  Commissioner,  we  should  have  been  able 
to  remind  ourselves  of  the  fact  of  which  we  are  proud,  that  their  great 
General,  Sir  John  Monash,  who  was  a  civil  engineer  practising  in  Australia, 
gave  up  his  work  there  to  join  the  Forces,  ultimately  took  command  of  those 
Forces,  and  put  the  fear  of  God  into  the  Hun.  Sir  Eric  Geddes  also  was  to 
have  been  present,  but  Parliamentary  work  prevented  him  from  attending.  I 
am  reminded  by  that  fact  that  Mr.  Neal,  Parliamentary  Secretary  to  the 
Ministry  of  Transport,  which  is  well  represented  at  the  Dinner  to-night,  said 
the  other  day  in  the  House  that  the  Ministry  of  Transport  was  an  extremely 
healthy  baby  which  was  about  to  become  the  darling  of  the  nation.  I  venture 
to  think  that  if  that  is  to  come  about,  that  interesting  baby  will  have  to  be 
nurtured  in  the  cradle  on  Mechanical  Engineering  progress,  if  we  are  to  get 
those  great  benefits  which  the  Ministry  of  Transport  desire  to  give  us,  whether 
they  are  to  be  obtained  by  water  or  by  rail  or  by  road.  Those  who  were 
present  a  few  days  ago  at  the  first  regular  meeting  of  the  newly-constituted 
Institute  of  Transport,  when  a  Paper  was  read  by  General  Maybury,  in 
connexion  with  roads,  will  have  noticed  how  he  prophesied  what  a  tremendous 
increase  there  was  going  to  be  in  the  number  of  motor-cars  in  this  country, 
and  how  he  conjured  up  a  vision  of  new  roads,  wider  roads,  better  gradients, 
and  better  bridges,  and  that  he  pointed  out  how  the  whole  of  the  road 
transport  of  the  country  would  be  improved.  That  is  of  immense  value 
to  those  who  desire  to  travel  as  passengers  by  road,  and  to  those  who 
desire  to  send  their  goods  for  short  distances  by  motor,  but  it  is  also  of  much 
greater  importance  to  the  engineering  profession  when  you  come  to  think  of 
what  an  immense  influence  it  will  have  upon  the  motor-car  industry.  I 
would  remind  you  that,  while  that  industry  now  demands  an  enormous 
number  of  employees  and  represents  a  tremendous  capital,  twenty  years  ago 
there  was  not  such  a  thing  in  this  country  as  an  English-built  automobile. 
Now  we  have  factories  all  over  the  country  which  are  largely  dependent  upon 
the  construction  of  motors  of  every  kind.  Therefore,  we,  as  engineers,  are 
greatly  interested  in  that  portion  of  the  transport  scheme,  which  has  to  deal 
with  roads.    I  noticed  that  the  Institution  of  Automobile  Engineers  determined 
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the  other  day  that  ladies  should  be  admitted  into  their  ranks.  Of  course,  one 
likes  to  see  a  young  Society  moving  with  the  times,  but  I  would  remind  them 
that  in  the  Rules  of  The  Institution  of  Civil  Engineers  there  is  nothing  to 
prevent  a  lady  becoming  a  Member  of  that  Institution,  provided  she  passes 
those  tests  and  those  examinations  which  are  held  out  for  mere  man.  The 
time  may  come  when  a  lady  will  be  found  occupying  the  chair  of  my  friend. 
Sir  John  Griffith,  the  President  of  The  Institution  of  Civil  Engineers,  and  at 
a  Dinner  of  this  kind  the  presence  of  the  other  sex  would  be  a  great  attraction. 
I  recollect  well  that  about  ten  years  ago,  when  I  was  President,  this  Institution 
had  a  Dinner  in  this  very  room.  We  had  with  us,  if  you  recollect,  the 
Members  of  the  American  Society  of  Mechanical  Engineers.  We  then  had 
the  ladies  of  both  Institutions  present,  and  I  think  it  added  to  the  pleasure  of 
the  evening.  I  have  been  led  to  talk  about  other  things  instead  of  talking 
about  our  guests.  I  would  say,  as  a  Liverpool  man,  that  I  feel  proud  that 
Lord  Birkenhead  is  here  this  evening  as  Lord  Chancellor.  Coming  as  he 
does,  from  the  banks  of  the  Mersey,  that  great  river  which  forms  the  western 
water-gate  of  industrial  England,  he  comes  from  a  place  where  commerce  has 
created  a  good  deal  of  litigation ;  and  Liverpool  and  the  northern  circuit 
generally  became  a  great  place  for  the  education  of  lawyers.  In  the  course 
of  time  the  northern  circuit  sent  southwards  a  number  of  great  men  who 
adorn  the  Bench  and  the  Bar ;  and  now  we  see  that  in  his  case  he  has 
climbed  to  the  highest  office  that  there  is  in  the  land  for  a  barrister ;  and  we 
are  glad  to  think  that  he  has  brought  southwards  those  great  traditions  of 
eloquence  and  legal  knowledge  which  are  necessary  for  the  pre-eminent 
position  which  he  occupies.  I  am  fortunate  in  one  respect,  and  that  is  that 
my  predecessor,  when  speaking,  absorbed  all  the  time  that  was  allotted  to  me. 
Therefore,  I  will  borrow  the  words  of  another  in  giving  you  the  Toast  which 
has  been  entrusted  to  me  and  say  : — 

"  Here's  health  to  you,  and  wealth  to  you. 

And  all  that's  good  in  life  to  you, 

jSIay  time  be  good  and  kind  to  you, 

Happiness  be  true  to  you. 

Is  the  wish  of  all  your  friends  to  you. 
Our  Guests." 
The  Toast  was  duly  honoured. 

The  Right  Hon.  Viscount  Donerailk  (ilayor  of  Westminster),  in 
responding,  said :  ^Ir.  President,  my  Lord  and  Gentlemen,  It  is  a  great 
privilege  to  me  this  evening  to  thank  you,  on  behalf  of  the  guests  who  are 
present  and  the  others  who  have  been  mentioned  by  Sir  John  Aspinall,  for 
the  hospitality  that  you  have  given  us.  I  imagine  that  this  privilege  has 
been  accorded  to  me  because  the  home  of   The  Institution  of  Mechanical 
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Engineers  has  been  placed  in  the  heart  of  the  ancient  City  of  Westminster, 
and  I  hope  I  am  right  in  drawing  the  conclusion  that  the  Institution  was 
founded  there  in  order  that  its  Members  might  enjoy  the  benefits  of  an 
enlightened  Municipal  Government.  Certain  it  is  that  the  example  of  The 
Institution  of  Mechanical  Engineers  has  been  followed  by  many  other 
Engineering  Institutions  whose  homes  are  within  the  boundaries  of  the  City 
of  Westminster.  If  I  may  venture  to  speak  on  behalf  of  Municipal 
Governments  in  general,  I  should  like  to  say  that  there  is  no  class  of  the 
community  which  owes  more  to  the  efforts  of  Mechanical  Engineers  than  the 
various  bodies  which  carry  out  the  local  government  of  the  country.  In 
these  days,  when  efficient  labour  is  so  difficult  to  obtain  and  when  its 
exertions  are  governed  by  a  time-table,  unless  improvements  are  introduced 
from  time  to  time  to  multiply  the  efforts  of  labour,  I  cannot  see  how  our 
communities,  at  all  events  in  towns,  are  going  to  continue  to  exist.  The 
health  and  the  comfort  of  the  communities  largely  depend,  especially  in 
large  centres  of  population,  on  the  number  of  ways  in  which  machinery  of 
every  kind  is  able  to  help  the  labour  of  the  human  machine.  In  these  days  I 
can  only  say  that  the  human  frame  realizes  to  the  full  its  unique  position  in 
this  matter,  and  is  prepared  to  dictate  to  the  rest  of  the  community  its  own 
terms.  The  only  way  in  which  we  can  alleviate  the  burden  which  is  thrown 
upon  us  is  by  increasing  the  efforts  of  human  labour  by  the  inventions  and 
devices  which  are  brought  about  by  the  Mechanical  Engineer.  On  behalf  of 
that  part  of  the  commimity  which  owes  so  much  in  regard  to  its  health  and 
comfort  and  daily  life  to  the  Mechanical  Engineer,  I  beg  to  thank  you.  Sir, 
on  behalf  of  your  guests  this  evening,  for  the  hospitality  with  which  you 
have  entertained  us. 

"  THE  INSTITUTION  OF  MECHANICAL  ENGINEERS." 

Sir  John  P.  Griffith  (President  of  The  Institution  of  Civil  Engineers) 
said :  Mr.  President,  my  Lords  and  Gentlemen,  The  honour  has  been 
accorded  to  me  of  proposing  the  Toast  of  "  The  Institution  of  Mechanical 
Engineers."  I  am  greatly  indebted  to  you  for  your  invitation  to  attend  this 
evening  and  the  privilege  of  being  allowed  to  propose  this  Toast.  I  view  it 
as  a  token  of  friendship  to  the  old  Society  to  which  I  belong,  The  Institution 
of  Civil  Engineers.  We  have  had  our  differences  during  the  past  half-year  on 
the  question  of  Registration.  I  am  not  going  to  enter  into  a  dissertation  on  that 
subject  to-night.  My  own  conviction  is  that,  with  good  temper  on  all  sides, 
we  shall  be  able  to  come  to  a  satisfactory  conclusion  on  a  subject  which  is 
very  near  the  hearts  of  a  great  many  people  in  this  kingdom.  I  have  found, 
during  the  discussions  in  connexion  with  the  Registration  Bill,  that  there  is 
a  great  craving  for  some  protection  to  the  engineer  in  all  the  branches  in 
which  he  exists.    It  is  difficult  to  define  what  a  profession  is,  and  when  one 
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comes  to  deal  with  separate  points  one  finds  the  difficulties  increasing.  But 
sooner  or  later  we  shall  have  to  come  to  an  agreement  as  to  what 
constitutes  a  Civil  Engineer.  We  shall  have  to  define  what  his  education 
must  be — his  general  education,  his  technical  education,  his  professional 
education,  his  professional  training,  and  his  professional  experience.  I 
cannot  help  thinking  that  we  shall,  as  engineers,  be  able  to  get  over  those 
difficulties  and  formulate  a  frame-work  on  which  we  shall  be  able  to  define 
what  a  Civil  Engineer  is  according  to  our  present-day  interpretation.  If  that 
is  accomplished,  I  think  a  great  step  will  have  been  made,  and  I  am  perfectly 
certain  it  will  add  to  the  prestige  of  every  branch  of  this  great  profession. 
I  most  heartily  give  you  the  Toast  of  "  The  Institution  of  Mechanical 
Engineers,"  wishing  it  the  greatest  possible  success,  believing  in  the  work 
that  it  is  about  to  do.  In  the  difficult  times  that  are  before  this  nation,  our 
great  profession,  in  all  its  branches,  wiU  bear  its  part  nobly,  as  it  has  done 
during  the  great  period  of  the  War.  I  couple  with  the  Toast  the  name  of 
your  distinguished  President,  Captain  Sankey, 

The  Toast  was  accorded  musical  honours,  "For  he's  a  jolly  good  fellow" 
being  heartily  sung,  and  three  cheers  for  the  President  given. 

The  Pbesident  said:  Sir  John  Griffith,  my  Lords  and  Gentlemen,  I 
think  it  is  peculiarly  appropriate  that  the  Toast  should  have  been  proposed 
by  the  President  of  The  Institution  of  Civil  Engineers.  The  Institution  of 
Mechanical  Engineers  may  regard  itself  as  the  daughter  of  a  very  distinguished 
mother — I  believe  the  eldest  daughter.  I  have  much  pleasure  in  representing 
the  Members  of  The  Institution  of  Mechanical  Engineers,  in  thanking  you. 
Sir  John  Griffith,  for  the  very  kind  way  in  which  you  have  proposed  this 
Toast.  I  am  very  glad  Sir  John  Griffith  has  spoken  about  the  Registration 
Bill,  because  undoubtedly  there  has  been  a  misconception  on  that  subject. 
Possibly  the  Bill  of  The  Institution  of  Civil  Engineers  as  originally  drafted 
was  somewhat  circumscribed  in  its  objects ;  I  am  sure  Sir  John-Griffith  will 
forgive  me  for  saying  that.  We,  as  The  Institution  of  Mechanical  Engineers, 
could  not  see  our  way  to  agree  with  all  the  proposals ;  but  undoubtedly  this 
definite  fact  has  arisen  out  of  the  discussion — that  engineers  of  all  kinds  in 
this  country  desire  a  registration  of  Engineers  in  order  that  the  status  of  the 
Engineer  may  be  raised  to  the  position  it  ought  to  occupy.  To  my  mind 
there  is  no  profession  so  important  to  the  community  as  that  of  the  Engineer, 
whether  he  be  Civil  Engineer,  Mechanical  Engineer,  Electrical  Engineer,  or 
any  other  kind  of  Engineer.  What  can  you  do  without  the  Engineer? 
Absolutely  nothing  at  all.  I  occupy  a  somewhat  paradoxical  position  with 
regard  to  the  Registration  Bill.  I  am  on  the  Committee  of  The  Institution  of 
Civil  Engineers,  which  is  promoting  the  Bill,  and  I  am  ofl  the  Committee  of  Th^ 
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Institution  of  Mechanical  Kngiueers,  which  is  opposing  tho  Bill.    That  may 
seem  very  sad,  but  as  a  matter  of  fact  it  has  had  a  very  groat  advantage,  because 
it  has  enabled  me  to  smooth  over  difficulties*  which  otherwise  might  have 
become  open  sores ;  in  other  words,  to  use  a  Mechanical  Engineer's  expression, 
I  hiive  been  able  to  lubricate.   Sir  John  Griffith  did  not  mention  it,  but  I  have 
his  authority  for  stating  that  it  is  proposed  to  hold  a  Conference  of  tho  leading 
Engineering  Institutions   in    this   country   to   discuss   the   best   method   of 
obtaining  a  registration  of  Engineers.     That  Conference,  in  the  first  instance, 
will   be   somewhat    unofficial,   consisting  of  a   certain   limited    number  of 
Members   of   the   leading   Institutions    only,   and  will   determine   the   best 
procedure,  after  which   I   hope    that   representatives   of   other  Institutions 
will  be  invited  to  join  the  Conference.     I  hope  that  we  shall  be  able  thereby 
to   arrive  at  a  decision   as   to  what  shall   be   done   in   this  very  important 
matter,  and  I  also  hope  that  it  may  lead  eventually  to  a  Conjoint  Board  of 
Examinations.     At  present  almost  every  Institution  of  any  importance  has  its 
own  examinations  which  are  attended  by  comparatively  few  candidates  ;  the 
expense  of  those  examinations  is  almost  prohibitive  in  some  cases.    I  feel 
sure  that  if  we  had  a  Conjoint  Board  of  Examinations,  it  would  be  able  to 
deal  with  all  these  examinations  at  a  very  much  less  cost,  and  with  greater 
efficiency.     Further,  I  hope  that  this  Conference  may  lead  to  an  Engineering 
Senate,  composed  of  Members  of  important  Institutions,  to  direct  the  general 
policy  and  co-ordinate  the  various  interests  of  all  the  Institutions.     To  my 
mind  nothing  more  important  could  happen  to  improve  the  status  of  the 
Engineer  in  this  country.     I  would  like,  in  conclusion,  to  say  this :  it  has 
been  occasionally  stated  that  The  Institution  of  Mechanical  Engineers  is  not 
doing  all  it  could  for  its  Members,  especially  those  in  the  country — that  it  is 
somewhat  sleepy.     A  number  of  By-laws  have  been  passed  recently  which  I 
hope  will  improve  matters  very  considerably;  I  refer  more  particularly  to 
those  By-laws  in  connexion  with  the  formation  of  Local  Branches.     The  idea 
of  these  Local  Branches  is  that  they  should  form  Local  Associations,  and  join 
up  with  the  Local  Branches  of  other  Institutions;  in  that  way,  discussions 
will  take   place   between   different  bodies,  friendsliips  will   be  formed,  and 
advantages  will  accrue  to  the  engineering  profession.     I  hope  that  something 
of  the  kind  may  eventually  develop.     As  a  matter  of  fact,  tho  joint  discussions 
of  the  Graduates  of  the  various  Institutions  have  already  made  a  start  in  this 
direction.     Let  us  hope  that  these  young  men  will  show  the  way  to  their 
elders  in  the  Institutions  so  that  they  will  do  likewise.     Sir  Joseph  Thomson 
made  some  very  kind  remarks  about  our  Secretary,  Mr.  Worthingtou.     We 
all  hope  that  his  health  will  soon  be  restored.     Gentlemen^  I  thank  Sir  John 
Griffith  for  the  very  kind  way  in  which  he  proposed  the  Toast. 

The  Proceedings  then  terminated. 
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MEMOIRS. 

Marcus  Allen  was  born  in  Manchester  on  22nd  August  1862. 
He  was  educated  privately,  and  subsequently  had  three  years' 
practical  training  in  engineering  at  the  works  of  the  Maison 
Durenne,  Courbevoie,  Paris.  He  practised  as  a  civil  and 
consulting  engineer  for  more  than  twenty  years,  and  acted  in  this 
capacity  for  several  concerns,  including  the  Commercial  Salt  Co., 
Ltd.  He  was  also  governing  director  of  Marcus  Allen  and 
Sons,  Ltd.,  Old  Traflford,  Manchester.  His  inventions  included  a 
Universal  Recovery  Plant  for  Paper  Mills,  the  installation  of 
which  he  personally  superintended  during  erection  in  many  of  the 
largest  paper  mills  in  the  British  Isles,  also  his  Elliptic-way  Cock, 
and  he  was  co-patentee  in  the  "  Marclen "  Glandless  Centrifugal 
Pump,  and  the  "  Duo  "  Boiler  Feed-water  Controller.  He  died  at 
his  residence  in  Stretford  on  19th  March  1920,  in  his  fifty-eighth 
year.  He  became  a  Member  of  this  Institution  in  1891  ;  he  was 
also  an  Associate  Member  of  the  Institution  of  Civil  Engineers  ;  a 
Member  of  the  Society  of  Chemical  Industry  and  of  the  Manchester 
Literary  and  Philosophical  Society. 

Manfred  Powis  Bale  was  born  on  25th  October  1850  at  Orleton 
Court,  near  Ludlow,  Salop.  He  was  educated  at  King's  College 
School,  London,  and  was  apprenticed  in  1868  to  Powis,  James  and 
Co.,  Victoria  Works,  Lambeth,  one  of  the  earliest  manufacturers  of 
wood- working  machinery  in  this  country.  He  ultimately  became 
works  manager  and  left  the  firm  in  1875,  to  commence  business  on 
his  own  account  in  the  City  of  London.  He  subsequently  moved 
to  a  workshop  in  Finsbury,  but  retired  from  commercial  business  in 
1909  in  order  to  devote  his  whole  time  to  consulting  and  literary 
work.  He  was  a  prolific  writer  on  wood-working  machinery  and 
other  branches  of  engineering ;  his  treatise  on  "  Wood- working 
Machinery  "  was  one  of  the  earliest  comprehensive  books  on  the 
subject  published  in  this  country.     Other  works  were  "  Saw  Mills  ; 
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Their  Arrangement  and  Management,"  and  the  "  Handbook  of  Saw- 
Mill  and  Wood-working  Machinery,"  also  volumes  on  gas  and  oil 
engines,  stone-working  machinery,  pumps,  etc.  He  did  much 
journalistic  work  for  The  Timber  Trades  Journal.  His  death  took 
place  on  22nd  February  1920  at  Chiswick,  in  his  seventieth  year. 
He  became  a  Member  of  this  Institution  in  1877  ;  and  he  was  also 
a  Member  of  the  Institution  of  Civil  Engineers. 

John  Henry  Briggs  was  born  at  Howden,  Yorkshire,  on 
.30th  December  1850.  He  served  his  apprenticeship  with  the  late 
Mr.  Ralph  Peacock,  of  Goole,  going  through  every  department  of 
the  works.  He  afterwards  entered  the  employment  of  Messr.s. 
James  Simpson,  Grosvenor  Road,  London,  carrying  out  work  for 
them  at  home  and  abroad.  In  1874-5  he  was  engaged  upon  the 
Odessa  Waterworks,  and  subsequently  on  similar  work  at  Malta, 
Bristol,  and  Surbiton.  In  1881  he  went  out  for  his  firm  to  South 
Africa  to  supervise  engineering  work  at  the  Kimberley  Waterworks, 
and  on  completion  he  remained  there  as  consulting  engineer  to 
the  Waterworks  Company.  On  his  return  to  England  he  became 
works  manager  for  Messrs.  James  Simpson,  retaining  that  position 
until  1896,  having  completed  twenty-five  years'  service  with  the  firm. 
He  was  then  appointed  works  manager  for  Messrs.  Babcock  and 
Wilcox,  and  organized  the  removal  of  the  Avorkshops  from  Kilbowie 
to  their  present  site  at  Renfrew.  He  retired  from  business  in 
1901.  His  death  took  place  at  Howden  on  23rd  January  1920,  at 
the  age  of  sixty-nine.  He  became  a  Member  of  this  Institution 
in  1881. 

Harry  Samuel  Bickerton  Brindley  was  born  at  Handsworth, 
near  Birmingham,  in  September  1867.  His  father  who  wac 
one  of  the  oldest  and  most  respected  engineering  instructors  of 
the  Japanese,  placed  him  in  the  Japanese  Imperial  College  of 
Engineering,  which  afterwards  became  the  Tokyo  University, 
and  was  staffed  at  that  time  by  some  of  the  finest  European 
engineering  professors.  After  leaving  the  Tokyo  University  in 
1883,  he  served  his  apprenticeship  at  the  works  of  Messrs.  Tangyes, 


Apuil  1920.  MEMOIRS.  547 

Ltd.,  of  Birmingham,  and  remained  there  until  1888,  when  he  held, 
the  post  of  senior  draughtsman  and  was  engaged  in  the  hydraulic 
department.  In  the  same  year  he  designed  and  carried  out 
important  engineering  work  in  connexion  with  projectile  and  gas 
vessel  plant,  and  solid-drawn  tube  mills,  for  another  Birmingham 
firm.  From  1889  to  1893  he  was  with  Messrs.  Thomas  Firth  and 
Sons,  Ltd.,  of  Shefl&eld,  as  engineer,  and  was  associated  in  the 
design  of  their  3000-ton  forging  plant  and  new  gun  shop,  and  was 
in  charge  of  their  shell  department.  During  1893  and  1894  he 
was  manager  for  Messrs.  Henry  Berry  and  Co.,  Ltd.,  hydraulic 
engineers,  of  Leeds,  and  from  1895  to  1907  he  was  consulting 
engineer  and  technical  repi-esentative  in  Japan,  where  his  work 
consisted  largely  of  the  design  of  hydraulic  machinery,  and  of 
business  between  British  firms  and  the  Japanese  Government.  In 
1907  he  started  as  a  consulting  engineer  in  Westminster,  and 
acted  for  the  Keihan  Electric  Railway  Co.,  of  Japan ;  he  was  one 
of  the  few  Europeans  allowed  by  the  Japanese  Government  to  hold 
the  position  of  Japanese  Patent  Attorney.  In  1914  he  gave  up 
consulting  work  and  joined  a  firm  of  pump  manufacturers,  but 
when  war  broke  out  he  gave  up  everything  else  to  take  charge  of 
the  Ponders  End  Shell  Factory,  which  he  created  in  the  face 
of  enormous  diflficulties.  He  reorganized  the  whole  system  of 
manufacture  and  production,  and  demonstrated  to  the  British 
Government  and  the  older  established  shell  manufacturers,  how 
speed  and  efficiency  could  be  enormously  increased  and  cost  greatly 
reduced.  After  the  armistice  he  took  into  partnership  Mr.  E.  T. 
Elbourne,  and  the  firm  devoted  its  attention  to  the  propagation  of 
the  principles  of  rapid  and  efi'ective  engineering  production. 
His  death  took  place  in  Westminster  from  pneumonia  on  the 
28th  March  1920,  in  his  fifty-third  year,  and  he  was  gazetted  as  a 
Knight  of  the  Order  of  the  British  Empire  two  days  later.  He 
became  an  Associate  Member  of  this  Institution  in  1898. 

William  Cartweight,  Jun.,  was  born  at  Dukinfield,  Cheshire, 
on  29th  December  1884.  He  was  educated  at  Stamford  School, 
Ashton-under-Lyne,  and  at  the  Manchester  School  of  Technology, 
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llis  appruuticeship  was  served  between  1899  ami  1901  with  Messrs. 
Wm.  Heap  and  Co.,  Ltd.,  at  the  Oldham  Road  Tool  Works, 
Ashton-uuder-Lyne,  and  he  was  subsequently  and  continuously 
employed  by  the  same  firm  successively  as  draughtsman,  head 
designer,  assistant-manager,  manager,  and  director  on  the  design 
and  construction  of  machine-tools  of  various  types.  From  1907 
to  1912  he  was  also  engaged  in  teaching  at  Dukinfield  and  Mossley 
Technical  Schools.  Ilis  death  took  place  at  Dukinfield  on  14th 
January  1920,  at  the  age  of  thirty-five.  He  became  an  Associate 
Member  of  this  Institution  in  1913. 

Edmund  Joseph  Davies  was  born  on  1st  June  1844.  He  was 
educated  privately  at  Birmingham,  and  obtained  his  engineering 
training  at  the  Great  Western  Railway  Works,  Wolverhampton, 
and  afterwards  was  transferred  to  Swindon.  In  1876  he  became 
engineering  manager  for  Messrs.  Ransomes,  Sims,  and  Jefleries, 
Ltd.,  at  the  Orwell  Works,  Ipswich.  He  took  a  very  prominent 
part  in  the  development  on  modern  lines  of  the  portable,  traction, 
and  stationary  steam-engines  built  by  the  firm.  He  had  a  keen 
sense  of  method  and  great  powers  of  orderly  organization,  which 
commanded  the  respect  and  co-operation  of  all  with  whom  he  was 
associated.  His  death  took  place  on  10th  June  1919,  at  the 
age  of  seventy-five.  He  became  a  Member  of  this  Institution  in 
1897. 

Sir  John  Jackson,  C.V.O.,  LL.D.,  F.R.S.E.,  was  born  at  York 
on  4th  February  1851.  He  was  educated  at  York  and  at  the 
University  of  Edinburgh,  and  served  his  pupilage  in  the  mechanical 
engineering  workshops  of  ]VIessrs.  Thompson  and  Boyd  at  Newcastle- 
on-Tyne.  He  subsequently  entered  as  an  engineering  student  at 
Edinburgh  University,  where  he  followed  courses  under  Professors 
Fleming- Jenkin  and  Tait.  In  1901  he  founded,  in  memory  of  the 
latter,  the  "  Tait  Memorial  Fund "  for  research  work.  After 
leaving  the  University  he  had  a  further  three  years'  training  with 
his  late  brother,  becoming  subsequently  junior  partner.  He 
undertook   the    first   contract   on    his    own   account  at  the  age  of 
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twenty-four,  and  in  the  following  year  secured  his  fii'st  large 
contract — the  completion  of  the  Stobcross  Docks  at  Glasgow, 
which  he  finished  before  he  was  twenty-nine  years  of  age.  Since 
then  he  undertook  large  contracts  with  unvarying  success ;  these 
comprised  extensive  dock  and  harbour  work,  both  in  the  United 
Kingdom  and  abroad,  some  of  the  earliest  being  the  docks  at 
Middlesbrough  and  Hartlepool  and  the  harbour  at  North 
Sunderland.  He  also  executed  the  last  eight  miles  of  the 
Manchester  Ship  Canal,  in  connexion  with  which  he  was  knighted 
in  the  year  1895.  He  carried  out  the  foundation  work  for  the 
Tower  Bridge,  the  extension  of  the  Admiralty  Pier  at  Dover,  the 
Commercial  Graving  Dock,  and  the  Deep  Water  Lock  at  Barry, 
the  extension  of  the  Prince  of  Wales  Dock  at  Swansea,  the  new 
Admiralty  Dockyard  at  Keyham,  Devonport,  the  reconstruction 
of  the  North  Breakwater  at  Tynemouth,  and  the  breakwater  and 
docks  for  the  Burntisland  Harbour.  His  works  abroad  are  too 
numerous  to  mention  here,  but  those  of  the  Admiralty  Harbour, 
Simon's  Bay,  South  Africa,  at  the  opening  of  which  by  the  Duke 
of  Connaught  he  received  the  Companionship  of  the  Victorian 
Order ;  the  great  barrage  across  the  Euphrates  at  Hindia,  near 
Babylon,  the  Singapore  Harbour,  and  the  breakwater  at  Victoria, 
British  Columbia,  may  be  cited.  His  death  took  place  at  Godalming 
on  14th  December  1919,  in  his  sixty-ninth  year.  He  became  a 
Member  of  this  Institution  in  1899. 

Charles  Mattathias  Jacobs  was  born  at  Hull  on  8th  June  1850. 
Having  been  educated  by  private  tuition,  he  was  apprenticed  in 
1866  to  Messrs.  C.  and  W.  Earle,  marine  engineers  and  shipbuilders, 
of  Hull,  and  on  the  completion  of  his  lapprenticeship,  five  years 
later,  he  was  sent  by  the  firm  to  China  to  put  up  some  bridges 
which  they  had  contracted  to  build.  On  his  return  to  England 
he  decided  to  follow  the  profession  of  a  marine  engineer,  and 
accordingly  went  to  sea  for  about  three  years,  obtaining  the  First 
Class  Certificate  of  the  Board  of  Trade.  In  1876  he  commenced  to 
practise  as  a  consulting  engineer  in  Cardifi",  specializing  in  marine 
engineering,  and  shortly  afterwards  he  was  appointed  surveyor  to 
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Lloyd's  Register  at  Cai'diff,  which  office  he  held  for  a  few  years. 
During  this  period  he  became  recognized  as  an  expert  on  the  question 
of  the  utilization  of  the  slack  coal-dust  from  the  non-coking  coals 
of  South  Wales  and  Monmouthshire.  In  1887  he  removed  to 
London,  where  he  opened  a  consulting  engineers'  office  in 
partnership  with  Mr.  Herbert  Barringer,  Member,  under  the  title 
of  Jacobs  and  Barringer,  and  this  partnership  continued  until  his 
death.  Early  in  1889  he  visited  the  United  States  to  advise  the 
late  Mr.  Austin  Corbin  as  to  the  possible  utilization  of  the  culm  or 
waste  produced  in  the  jigging  of  anthracite  coal  in  the  fields  of  the 
Philadelphia  and  Reading  Coal  and  Iron  Co.,  and  he  thus  became 
identified  as  consulting  engineer,  with  all  the  engineering  problems, 
of  the  various  interests  controlled  by  Mr.  Corbin.  In  1891  Mr. 
Jacobs  opened  a  consulting  engineer's  office  in  New  York,  his  chief 
assisttmt  being  Mr.  J.  V.  Davies,  with  whom  he  entered  into 
partnership  later.  This  continued  until  1916,  when  he  retired 
from  practice  in  the  United  States.  During  this  period  he  was 
engaged  upon  many  important  works;  in  1892  he  undertook  for 
the  East  River  Gas  Co.,  the  supervision,  as  chief  engineer,  of  the 
construction  of  a  tunnel,  10  feet  2  inches  internal  diameter,  to 
connect  the  Company's  plant  at  Ravenswood,  Long  Island,  with 
the  Borough  of  Manhattan.  In  1895  he  was  appointed  by  the 
bondholders  of  the  Company  owning  the  unfinished  and  abandoned 
Hudson  River  tunnel  at  New  York,  as  one  of  a  committee  of  three 
to  examine  and  report  upon  the  possibility  of  finishing  the  work. 
This  wag  successfully  done  by  Mr.  Jacobs  as  chief  engineer.  The 
work  was  described  by  him  in  a  Paper  read  before  the  Institution 
of  Civil  Engineers  in  1910,  for  which  he  was  awarded  the  Telford 
Gold  ]\Iedal.  In  1898  Mr.  Jacobs,  with  his  London  partner,  Mr. 
Barringer,  prepared  the  plans  and  specifications  and  was  awarded 
the  contract  for  the  Tredegar  Dry  Dock  at  Newport,  Mon. 

The  other  great  New  York  project  with  which  the  name  of 
Mr.  Jacobs  will  always  be  linked  is  that  which  brings  into  New 
York  the  terminal  of  the  Pennsylvania  Railroad ;  this  is  fully 
described  in  Papers  by  himself  and  his  coadjutors  in  the 
Transactions  of  the  American  Society  of  Civil  Engineers,  vols.  68 
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and  69.  Both  these  great  undertakings  referred  to  above,  involving 
the  crossing  of  the  North  River  by  six  diflferent  tunnels,  were 
carried  out  by  Mr.  Jacobs  simultaneously  between  the  years  1901 
and  1910.  Many  other  works  of  large  size  and  great  difficulty 
have  been  carried  out  under  his  general  direction,  and  some  of 
these  may  be  cited.  A  pipe-line  270  miles  long  of  10-inch  pipe  and 
30  miles  of  4-inch  pipe  for  the  Burmah  Oil  Co.  from  Rangoon  to 
Yenangyat ;  tube  tunnels  under  the  River  Seine  in  Paris ;  the 
Astoria  tunnel  below  the  East  River,  New  York ;  Hales  Bar  lock 
and  dam  across  the  Tennessee  River  near  Chattanooga ;  the 
Laxaxalpali  aqueduct  tunnels  of  the  Mexican  Light  and  Power  Co. ; 
and  many  various  schemes  in  the  United  States,  Canada,  Russia, 
India,  etc.  Latterly  he  resided  at  Wimbledon,  but  his  death  took 
place  at  his  country  house  at  Laugharne,  Carmarthenshire,  on  7th 
September  1919,  at  the  age  of  sixty- nine.  He  became  a  Member 
of  this  Institution  in  1876. 

James  Metcalfe  was  born  at  Oswestry  on  25th  September  1847, 
and  was  educated  privately.  He  served  his  apprenticeship  with 
Messrs.  Sharp,  Stewart  and  Co.,  Ltd.,  locomotive  builders, 
Manchester,  from  1862  to  1867,  and  afterwards  took  charge  of  the 
locomotives  of  the  Manchester  and  Milford  Railway,  which  now 
forms  part  of  the  Great  Western  system.  In  the  early  "  seventies" 
he  began  experimenting  with  exhaust-steam  injectors,  and  in  1876, 
after  extensive  experimental  work,  he,  along  with  Edward  Davies, 
was  successful  in  producing  an  injector  to  work  with  exhaust 
steam.  In  connexion  with  this  improvement  they  invented  the 
well  known  flap-nozzle  for  injectors,  and  the  application  of  this 
improvement  to  live-steam  injectors  made  them  for  the  first  time 
absolutely  automatic,  restarting,  and  reliable  in  action.  The  flap- 
nozzle  has  been  most  extensively  used  and  hundreds  of  thousands 
have  been  manufactured,  both  at  home  and  abroad.  To 
manufacture  this  injector  a  firm,  Davies  and  Metcalfe,  Ltd., 
formerly  the  Patent  Exhaust  Steam  Injector  Co.,  was  founded  at 
Romiley,  near  Manchester,  and  he  was  managing  director.  The 
whole  of  his  life   thereafter  was  devoted  to   the  manufacture  of 
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injectors  Jind  to  experimentiil  work,  in  which  lie  was  occupied 
until  !i  few  weeks  before  his  death,  which  took  place  on  12th  April 
1020  near  Oswestry,  in  his  seventy-third  year.  He  becjime  a 
Member  of  this  Institution  in  1906. 

Eldix  Swanzey  IMouLDEN  was  born  at  Adelaide  on  4th  January 
1881,  and  was  educated  at  St.  Peter's  College  and  at  the  University, 
Adelaide,  and  subsequently  at  the  Durham  College  of  Science.  He 
served  his  apprenticeship  with  Messrs.  J.  H.  Holmes  and  Co.,  Ltd., 
of  Newcastle-on-Tyne,  and  was  afterwards  employed  as  assistant 
engineer  at  the  Metropolitan  West  Side  Electric  Kailway,  Chicago, 
U.S.A.  He  was  a  lecturer  on  Electrical  Engineering  at  the 
Adelaide  School  of  Mines  in  1905-6,  and  was  chief  assistant 
engineer  to  the  Municipal  Tramways  Trust,  Adelaide,  from  1907, 
and  was  acting  general  manager  from  July  1917  to  January  1910, 
during  the  absence  of  his  chief  in  America.  His  death  took  place 
at  Adelaide  on  13th  August  1919,  from  overstrain  during  the  war 
period,  at  the  age  of  thirty-eight.  He  became  an  Associate 
Member  of  this  Institution  in  1914. 

Edward  Noyes  was  born  on  17th  July  1859  at  Creaton, 
Northampton,  and  was  educated  at  the  Congregational  School, 
Lewisham,  London.  He  was  apprenticed  to  Messrs.  Collings  and 
Wallis,  Birmingham,  from  1876  to  1881,  and  was  manager  for 
McLean  Bros,  and  Bigg,  in  Melbourne  and  London,  from  1881  to 
1888.  In  1889  he  joined  his  brother  Henry  in  founding  the  firm 
of  Noyes  Brothers,  engineers  and  merchants,  in  Melbourne  and 
Sydney,  Australia.  He  was  a  pioneer  in  Australia  and  New 
Zealand  in  the  advocacy  of  electric  energy  for  traction  and  power 
purposes,  and  his  firm  designed  and  constructed  the  Dunedin 
Corporation  Tramways  with  the  hydro-electric  power  plant  on  the 
Waipori  River,  transmitting  the  current  thirty-four  miles  ;  and  this 
was  the  first  undertaking  of  the  kind  in  New  Zealand.  The  firm 
also  designed  and  constructed  the  Freemantle  Tramways  in  West 
Australia,  and  equipped  many  mines  and  factories  with  generating 
plants   and   electric    driving,   such    as    the    Ipswich   Government 
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Workshops,  Queensland,  the  works  of  Messrs.  Michaelis  Hallenstein 
and  Co.,  Melbourne,  etc.  In  recent  years  he  took  an  active  part  in 
the  formation  of  the  New  South  Wales  Lime  and  Cement  Co., 
Ltd. ;  the  Queensland  Lime  and  Cement  Co.,  Ltd  ;  the  Austral 
Bronze  Co.,  Ltd.,  and  the  Sydney  Export  Co.,  whose  works 
concentrate  the  ores  of  molybdenum,  wolfram,  bismuth,  and  other 
rare  metals.  The  firm  of  Noyes  Bros,  developed  into  the  companies 
of  Noyes  Bros.  (Sydney),  Ltd.,  of  which  he  was  governing 
director,  and  of  Noyes  Bros.  (Melbourne),  Ltd.,  of  which  he  was 
chairman.  His  death  took  place  at  Medlow,  N.S.W.,  on  5th  March 
1920,  in  his  sixty-first  year.  He  became  an  Associate  of  this 
Institution  in  1902. 

John  Patrick  O'Donnell  was  born  in  Dublin  on  1st  July 
1859.  He  was  articled  with  Stevens  and  Sons,  railway  signalling 
engineers  of  London  and  Glasgow,  in  1875,  and  remained  with  them 
until  1882,  when  he  was  appointed  assistant  signal  superintendent 
on  the  Lancashire  and  Yorkshire  Railway.  From  1885  to  1889  he 
was  in  the  service  of  the  London  and  South  Western  Railway 
under  Mr.  Jacomb,  the  chief  engineer,  and  during  this  period  he 
designed  and  carried  out  extensive  alterations  to  the  signalling 
at  Waterloo  Station  and  elsewhere.  He  subsequently  joined 
Mr.  Button  in  establishing  the  firm  of  Button  and  Co.,  railway 
signalling  engineers,  of  London  and  Worcester.  He  left  that  firm 
in  1894,  and  in  conjunction  with  Mr.  A.  G.  Evans,  founded  the 
firm  of  Evans,  O'Bonnell  and  Co.,  railway  signal  works, 
Chippenham  and  London.  This  firm  subsequently  amalgamated 
with  Saxby  and  Farmer,  Ltd.,  and  Mr.  O'Bonnell  held  the  position 
of  joint  managing  director  for  many  years.  In  1901  he  formed  the 
British  Pneumatic  Railway  Signal  Co.,  and  started  the  first  works 
for  the  manufacture  of  pneumatic  tools  on  a  considerable  scale  in 
this  country ;  he  installed  the  first  automatic  signals  en  main 
passenger  lines,  and  the  first  power  signalling  on  passenger  lines. 
Extensive  contracts  were  carried  out  under  his  direction  on  the 
Great  Central,  London  and  South  Western,  Central  Argentine, 
and    other   railways.       At   Victoria    Station   (South    Eastern    and 
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Chatham  Railway)  the  latest  form  of  signalling,  viz.,  three-position 
all  electric  interlocking,  was  installed.  He  was  a  prolific  inventor 
and  a  member  of  many  technical  societies.  He  was  managing 
director  of  the  Superheater  Corporation,  Ltd.,  British  Power 
Railway  Signal  Co.,  Ltd.,  etc.  His  death  took  place  at  Banstead  on 
2nd  December  1919,  in  his  sixty-first  year.  He  became  a  Member 
of  this  Institution  in  1888  ;  and  was  a  Member  of  the  Institution 
of  Civil  Engineers,  of  the  American  Society  of  Civil  Engineers,  and 
of  the  Canadian  Society  of  Civil  Engineers. 

Alfred  Stewart  Augustus  Ormsby  was  born  on  11th  October 
1862,  and  was  the  second  son  of  J.  D.  Ormsby  of  Lime  Hall, 
Jamaica,  W.I.  He  was  educated  in  Jamaica  and  afterwards 
apprenticed  to  the  firm  of  Mirrlees,  Watson  and  Co.,  engineers, 
Glasgow.  He  completed  his  scientific  education  at  Anderson's 
College,  Glasgow,  and  was  awarded  a  Whitworth  Scholarship.  He 
also  gained  a  National  Scholarship  in  1883,  under  the  Science  and 
Art  Department,  tenable  for  three  years  at  the  Royal  College  of 
Science,  but  soon  resigned  this  on  being  appointed  assistant 
examiner  at  H.M.  Patent  Office,  where  he  rose  to  the  rank  of 
senior  examiner.  He  was  attached  to  the  Ministry  of  Munitions 
(Inventions  Department)  for  the  greater  part  of  the  period  of  the 
War,  and  rose  to  the  position  of  section  director  in  this  department. 
His  death  took  place  at  Barnes  on  12th  May  1919,  in  his  fifty- 
seventh  year.     He  became  a  Member  of  this  Institution  in  1899. 

George  Thornley  was  born  on  8th  April  1835  at  Stanton,  near 
Burton-on-Trent,  in  very  humble  surroundings,  and  from  early 
boyhood  evinced  a  keen  interest  in  mechanical  contrivances.  At 
the  age  of  eighteen  he  was  apprenticed  for  a  term  of  three  years  to 
Messrs.  Capes  and  Wright,  millwrights  and  engineers  of  Burton- 
on-Trent.  After  completing  his  apprenticeship,  he  obtained  a  post 
in  the  engineering  department  of  Messrs.  Ind,  Coope  and  Co.'s 
Brewery  at  Burton,  and  was  afterwards  transferred  to  their  older 
establishment  at  Romford,  and  subsequently  obtained  a  situation  in 
Legge's  Engineering  Works,  London.     He  returned  to  Burton  in 
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1865,  and  with  a  friend  started  in  business  as  Buxton  and  Thornley, 
at  the  Waterloo  Engineering  Works,  Burton-on-Trent.  At  first 
the  work  of  the  firm  was  in  connexion  with  breweries,  but  later 
it  extended  considerably.  He  invented  various  improvements,  the 
most  notable  being  the  "  Burton "  pump,  a  band-saw,  and  the 
special  machinery  for  cask-making,  many  sets  of  which  are  still  in 
active  operation.  In  1895  the  partnership  was  dissolved  by  mutual 
consent,  and  Mr.  Thornley  assumed  the  whole  responsibility,  which 
was  too  heavy  for  a  man  of  his  age.  In  1912  he  was  stricken  with 
paralysis  from  which  he  recovered  to  a  considerable  extent.  His 
death  took  place  at  Burton  on  5th  March  1920,  in  his  eighty-fifth 
year.     He  became  a  Member  of  this  Institution  in  1885. 

Joseph  Hartley  Wicksteed  was  born  on  12th  September  1842, 
and  was  the  son  of  the  Rev.  Charles  Wicksteed,  of  Leeds.  He  was 
educated  at  Ruthyn  Grammar  School,  and  was  apprenticed  to  the 
machine-tool  making  business  of  Messrs.  Joshua  Buckton  and  Co., 
Well  House  Foundry,  Leeds.  He  became,  in  time,  the  chief 
designer,  and  was  ultimately  taken  into  partnership,  becoming 
head  of  the  firm  many  years  ago  on  the  retirement  of  Mr.  Joshua 
Buckton.  He  became  a  Member  of  this  Institution  in  1882,  and 
was  successively  Member  of  Council  from  1885  to  1894,  Vice- 
President  1895  to  1902,  and  President  1903-4,  and  was  also  a 
Member  of  the  Institution,  of  Civil  Engineers.  He  wrote 
numerous  Papers  published  in  the  Proceedings,  the  subjects  being, 
a  Single-lever  Testing  Machine  (1882) ;  an  Autographic  Test 
Recording  Apparatus  (1886) ;  a  100-ton  Universal  Testing  Machine 
with  Variable  Accumulator  (1901) ;  Large  Testing  Machines  in 
South  Wales,  1829-1906  (1906).  He  was  Vice-Chairman  of  the 
Mechanical  Section  of  the  International  Engineering  Congress  held 
at  Glasgow  in  1901,  and  during  his  Presidency  he  represented  this 
Institution  at  the  Meeting  in  the  United  States  in  1904,  which  was 
held  jointly  with  the  American  Society  of  Mechanical  Engineers  at 
Chicago  and  St.  Louis.  He  was  the  inventor  of  many  mechanical 
appliances  that  have  been  of  great  service  in  engineering,  chief 
among  them  being  his  vertical  single-lever  testing  machine,  and  his 
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horizontal  universal  testing  machine.  He  was  also  directly  identified 
with  such  inventions  as  multiple  drills,  two-spindle  radial  drills, 
double  cutting  tool-holders  for  planing  and  slotting  machines, 
hydraulic  plate  shears,  etc.  Mr.  Wicksteed  took  a  great  interest 
in  helping  young  engineers,  many  of  whom  have  benefited  by  his 
kindly  advice  and  encouragement.  On  business  and  on  pleasure  he 
travelled  extensively  in  Europe,  Canada,  and  the  United  States. 
He  was  strongly  opposed  to  the  introduction  into  this  country  of 
the  metric  system  of  weights  and  measures,  and  as  an  alternative 
he  brought  before  the  British  Weights  and  Measures  Association 
a  scheme  for  bringing  the  physical  science  units  into  harmony  with 
the  British  industrial  and  commercial  units,  as  a  liritish  Standard. 
He  became  a  Member  of  the  Leeds  Chamber  of  Commerce  in  1906, 
and  was  its  President  in  1912-13  ;  he  was  also  a  Life-Governor  of 
the  Leeds  University  and  President  of  the  Leeds  Philosophical  and 
Literary  Society  in  1901-2.  His  death  took  place  at  his  residence 
in  Leeds  on  16th  December  1919,  at  the  age  of  seventy-seven. 

Wilson  Worsdell,  J. P.,  was  born  at  Crewe  on  7th  September 
1850,  and  was  educated  at  Ack  worth  School  belonging  to 
the  Society  of  Friends.  In  1866  he  entered  the  drawing 
office  of  the  London  and  North  Western  Railway  at  Crewe, 
but  stayed  there  only  six  months,  going  thence  as  a  pupil  to  the 
Altoona  locomotive  shops  of  the  Pepnsylvania  Kailroad,  where  he 
remained  for  four  and  a  half  years,  returning  to  the  Crewe  works 
in  1871.  He  held  the  position  of  assistant  foreman  at  Stafl;brd,  and 
in  1876  became  foreman  at  Bushbury  Junction.  Two  years  later 
he  was  in  charge  at  Chester,  and  in  1883  was  appointed  assistixnt 
mechanical  engineer  on  the  North  Eastern  Railway  at  Gateshead 
by  Mr.  Alexander  McDonnell,  who  was  then  the  locomotive 
superintendent  of  that  line.  In  1886  Mr.  Thomas  W.  Worsdell 
transferred  his  services  fiom  the  Great  Eastern  Railway  to  the 
North  Eastern  Railway  as  locomotive  superintendent,  and  Mr. 
Wilson  Worsdell  served  under  his  brother  until  the  latter  retired 
in  1890,  when  Mr.  Wilson  Worsdell  wfis  appointed  superintendent, 
and  retained  that  position    until  1910,  when  he  retired.     He  was 
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thus  connected  with  the  North  Eastern  Railway  during  one  of  the 
most  important  periods  of  British  locomotive  history.  He  produced 
an  outside-cylinder  class  of  engine  of  the  4-4-2  type,  ranking  among 
the  largest  in  Great  Britain,  which  performed  excellent  work. 
Mr.  Wilson  Worsdell  was  the  first  to  introduce  the  4-6-0  type  of 
engine  in  this  country  for  passenger  work.  He  took  an  active  part 
in  connexion  with  carriage  and  wagon  work,  and  was  an  advocate  of 
the  larger  capacity  types  with  loads  of  15,  20,  32,  and  40  tons.  His 
dynamometer-car  has  been  of  the  greatest  service,  and  marked  the 
beginning  of  a  new  era  in  the  creation  of  accurate  data  regarding 
tractive  eflforts.  His  death  took  place  at  his  residence  at  South 
Ascot  on  14th  April  1920,  in  his  seventieth  year.  He  became  a 
Member  of  this  Institution  in  1894,  and  was  appointed  a  Member 
of  Council  in  1909,  holding  this  position  until  his  death. 
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Deceases  of  Members,  etc.,  during  1919, 3. 
Dennis,  G.  S.,  Decease,  3. 
Denton,  R.  G.,  elected  Member,  47. 

Dewbance,  Sir  J.,  K.B.E.,  Remarks  at  Anniversary  Dinner,  537. 
Dick,  J.  F.,  elected  Associate  Member,  48. 
Dickson,  D.  B.,  elected  Associate  Member,  446. 
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DiGBY,  W.  p.,  Remarks  on  Water-Power,  1S2. 

DixsER,  Anniversary,  531. 

Dixon,  F.  E.  R.,  elected  Graduate,  449. 

Dolby,  E.  R.,  Remarks  on  alterations  to  By-laws,  249. 

DoNERAiLE,  Viscount,  Remarks  at  Anniversary  Dinner,  541. 

DoNKiN  FusD  (Bryan),  Accounts,  21. — Regulations  for  Fifth  Award,  23. 

Donnelly,  S.  H.,  Decease,  3. 

DOUGALL,  P.,  elected  Associate  Member,  44G. 

Doughty,  E.  H.,  elected  Associate  Member,  48. 

DouGiLL,  A.  W.,  Associate  Member  transferred  to  Member,  261. 

Driver,  -J.  F.,  Remarks  on  Hardening  of  Screw-Gauges,  482. 

Drysdale,  W.  a.,  elected  Associate  Member,  260. 

DuNDERDALE,  A.,  Remarks  on  Water-Power,  159. 

Dunkerton,  E.  C,  Associate  Member  transferred  to  Member,  449. 

DuNPHY,  L.  0.  A.,  Lt.-Col.,  R.A.S.C.,  elected  Associate  Member,  48. 

DuNSMORE,  S.  M.,  elected  Associate  Member,  446. 

Edwards,  A.  E.  A.,  Remarks  on  Mechanical  Stoker  Tests,  36G. 

Eggington,  A.  E.,  elected  Associate  Member,  260. 

Election,  Council,  223.— Members,  etc.,  47,  259,  446. 

Elet,  C.  V.  A.,  Remarks  on  Mechanical  Stoker  Tests,  373. 

Ellingham,  E.  H.,  Lieut.,  R.F.A.,  elected  Associate  Member,  43. 

Ensor,  a.  J.,  elected  Associate,  261. 

Epton,  a.  W.,  elected  Associate  Member,  260. 

Erith,  C,  Remarks  on  Mechanical  Stoker  Tests,  317. 

Examinations,  8. 

Examination  Prize,  Award,  8. —  Presentation,  211. 

Farmer,  A.,  elected  Associate  Member,  260, 

Farrell,  L.  E.,  elected  Associate  Member,  446. 

Fearn,  J.,  Remarks  on  Mechanical  Stoker  Tests,  363. 

Ferguson,  M.,  Decease,  3. 

Field,  A.  C,  elected  Associate  Member,  447. 

Fihlay,  W.  J.,  elected  Associate  Member,  260. 

FisoN,  F.  J.,  elected  Associate  Member,  48. 

Ford,  A.  S.,  elected  Associate  Member,  260. 

Foster,  H.  N.,  Lt.-Col.,  R.A.S.C.,  elected  Associate  Member,  43. 

FouLGEB,  F.,  elected  Graduate,  50. 

Fowler,  R,  H.,  Decease,  3. 

Fox,  C,  Decease,  3. 

Fox,  H,  F.,  elected  Associate  Member,  43. 
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Francis  Turbines,  62.     See  Water-Power. 

Fuels,  Lecture  to  the  Graduates,  by  C.  C.  Carpenter,  429. — Couversiou  of  fuel 
into  energy,  iSO  ;  Atoms  ;  Typical  compounds  of  H,  0,  N,  and  C,  431. 
— Methane,  432. — Space  occupied  by  hydro-carbons,  433.— Constitution 
of  Coal,  434. — Series  of  hydro-carbons,  435.  — Perfect  combustion;  By- 
products from  gas-works,  436. 

Ftpe,  J.  M.,  elected  Associate  Member,  447. 


Gard,  R.  J.,  elected   Associate  Member,  48. 

Gauges,  Screw,  Hardening,  451.     See  Hardening  of  Screw-Gauges. 

Geldahd,  J.,  Remarks  on  Mechanical  Stoker  Tests,  357. 

Geldard,  N.,  elected  Associate  Member,  447. 

Gelling,  J.  W.,  Decease,  3. 

George,  F.  H.,  elected  Graduate,  50. 

Ghosh,  J.,  elected  Graduate,  261. 

Gibbon,  T.,  elected  Associate  Member,  49. 

Gibson,  W.  H.  H.,  elected  Associate  Member,  447. 

GiLLESPY,  G.  T.,  Remarks  on  Mechanical  Stoker  Tests,  378. 

Glavin,  T.,  elected  Graduate,  50. 

Glazebrook,  J.  F.,  elected  Graduate,  449. 

Glazebrook,  Sir  R.  T.,  K.C.B.,  Nomination  as  Hon.  Life  Member,  2. 

Glinn,  R,  J.,  elected  Associate  Member,  49. 

GoDDEN,  A.  L.  S.,  elected  Graduate,  50. 

GODFRAY,    J.   C.    L.,    Lt.-Col.,    O.B.E.,    M.C.,  R.A.S.C,  elected  Associate 

Member,  49. 
GooDEVE,  T.  E.,  O.B.E.,  Major,  R.E.,  Decease,  3. 
Goodman,  E.  S.,  Decease,  3. 

Gordon,  T.  M.,  Captain,  R.E.,  elected  Associate  Member,  447. 
Graduates'  Association,  Resumption  of  Meetings,  10. 
Graduates'  Lecture  on  Fuels,  by  C.  C.  Carpenter,  429. 
Graduates,  Junior  Grade,  219-223,  449. 
Grandage,  N.  a.,  Remarks  on  Mechanical  Stoker  Tests,  379. 
Gravely,  W.  C,  elected  Member,  446. 
Gray,  J.  E.,  Captain,  R.E.,  elected  Associate  Member,  260. 
Gray,  W.  P.,  elected  Graduate,  449. 
Greenall,  F.,  M.B.E.,  elected  Associate  Member,  260. 
Greene,  F.  A.,  Associate  Member  transferred  to  Member,  449. 
Grey,  R.  B.,  elected  Associate  Member,  447. 
Griffin,  P.  W.,  elected  Associate  Member,  49. 
Griffith,  Sir  J,,  Remarks  at  Anniversary  Dinner,  542. 
Griffith,  P.,  Remarks  on  Water-Power,  184. 
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Griffiths,  A.  E.  F.,  elected  Graduate,  50. 
Griffiths,  H.  M.,  elected  Associate  Member,  447. 
Grimwood,  B.  C.  R.,  Decease,  3. 

Hadpield,  Sir  R.  A.,  Bart.,  nominated  for  re-election  as  Vice-President,  46. — 
Re-elected  Vice-President,  223. 

Hadfield,  (Sir  Robert)  Prize  Fund,  Grants,  5. — Accounts,  22. — Conditions 
of  Award,  24. 

Haigh,  E.  v.,  C.B.E.,  elected  Member,  47. 

Halder,  J.  A.,  elected  Member,  47. 

Hall  (T.  Bernard)  Prize  Fund,  Award,  7. — Accounts,  22.— -Conditions  of 
Award,  26. — Presentation  of  Prize,  211. 

Hallam,  H.,  Major,  R.E.,  elected  Member,  259. 

Hambly,  W.  M.,  elected  Associate  Member,  447. 

Hamilton,  A.,  Eng.-Lieut.,  R.N.,  elected  Associate  IMember,  260. 

Hamilton,  A.  G.,  2nd  Lieut.,  R.E.,  Decease,  3. 

Hardening  op  Screw-Gauges,  Paper  on  the  Hardening  of  Screw-Gauges 
with  the  least  disortion  in  pitch  (referring  to  Water-Hardening),  by 
W.  J.  Lineham,  451. — Two  Laws  of  Hardening,  451. — Iron-Carbon 
diagram,  452 ;  method  of  hardening,  453 ;  measurement  of  diameter, 
455 ;  micrometer  anvils  at  moment  of  measurement ;  lapping,  457 ; 
examples  of  distortion,  459  ;  description  of  experiments,  460 ;  conclusions 
drawn,  466. 

Hardening  op  Screw-Gauges  (referring  to  Oil  Hardening),  by  W.  J. 
Lineham,  467. — Gauges  used,  467 ;  description  of  experiments,  470. — 
Applications  of  the  Hardening  Law  for  Oil,  473. — Conclusions  drawn, 
477. 

Discussion  in  London,  23  April  1920. — Sankey,  Capt.  H.  R.,  Decease 
of  Author,  478. — White,  G.  T.,  Revision  of  original  Paper,  478, — Sankey, 
Capt.  H.  R.,  Arrangement  of  discussions;  deductions  from  curves, 
479. — Crompton,  Col.  R.  E.  B.,  Previous  investigations,  479;  hardening 
taps,  480 ;  optical  method  ;  laws  of  hardening ;  "^Vild-Barfield  process, 
481. — Driver,  J.  F.,  Hardening  blanks,  482  ;  cyanide  hardening,  483 ; 
gauge  distortion,  484  ;  hardness  nos.,  485;  results  of  tests,  487-493. — 
Ayres,  G.  H.,  Temperature  of  quenching  bath,  493  ;  cause  of  distortion, 
494. — Bramley,  A.,  Increase  in  diameters,  495;  constant  distortion,  496. 
— Baty,  J.  E.,  Variables  to  be  considered,  497 ;  cyanide  for  soft  gauges, 
500.— Rolt,  F.  H.,  Work  at  Goldsmiths'  College,  501 ;  distortion  depends 
on  form  cf  gauge ;  tap  pitches,  502  ;  electric  furnace,  503. — Patchell, 
W.  H.,  Arrangement  of  discussions,  503. — Agnew,  P.,  American 
Standards  Association,  504. — White,  G.  T.,  Experiments  carried  out 
under  difficulties,  604. 


April  19-20.  INDEX.  567 

Discussion  in  Manchester,  29  April  1920. — Pilling,  H.,  ESect  of 
repeated  heatings ;  small  size  of  specimens,  505. — Stromeyer,  C.  E., 
Spontaneous  cracks  in  forgings,  50C ;  bending  of  long  taps,  507 ;  effect 
of  time  on  shape  of  bars,  508. — Davenport,  P.  R.,  Hardening 
experiments  at  Westinghouse  Works,  503 ;  distortion  of  taps,  510. — 
Pilling,  H.,  Critical  quenching  temperature,  511. 

*  Communications. — Ayres,  G.  H.,  Electric  hardening  furnace,  512. — 
Kayser,  J.  F.,  Affect  of  initial  condition  of  steel ;  thermal  hysteresis, 
514. — Taylor,  W.,  Wild-Barfield  apparatus ;  Taylor's  induction  balance, 
515 ;  ring-gauges,  517. — Wolfenden,  R.,  Difficulties  encountered  by  the 
Author,  517. — White,  G.  T.,  Origin  of  Papers ;  laws  of  Hardening,  519  ; 
cutting  compound ;  store  furnace,  520 ;  scleroscope  hardness ;  tolerances, 
521 ;  temperature  for  quenching  steel,  523 ;  deliveries  of  screw-gauge 
parts  during  1918,  524 ;  influence  of  ratio  of  length  to  diameter,  526 ; 
vertical  tube  furnace,  527 ;  thermal  hysteresis ;  correction  of  Fig.  5, 
529. 

Hardness  Tests  Research,  6. 

Harnett,  W.  F.,  Gommandership  of  Order  of  the  British  Empire,  2. 

Harris,  S.  H.,  elected  Associate  Member,  49. 

Harris,  W.  J.  L.,  elected  Graduate,  50, 

Harrison,  F.  A,,  elected  Associate  Member,  49. 

Hart  W.  H.,  Associate  Member  transferred  to  Member,  449. 

Haslam,  J.  T.,  elected  Member,  47. 

Hatch,  W.  E.,  elected  Associate  Member,  447. 

HatfielD;  W.  H.,  T.  Bernard  Hall  Prize  Award,  7.— Presentation  of  Prize, 
211.— Reply  to  D.  M.  Maclay's  remarks  on  Mechanical  Properties  of 
Steel,  442. 

Hawksley  Fund  (Thomas),  Award,  7. — Accounts,  21. — Presentation  of 
Award,  211. 

Hay,  J.  B.,  elected  Member,  259. 

Hay,  M.,  Major,  elected  Associate  Member,  49. 

Hayter,  H.  R.,  Lt.-Col.,  D.S.O.,  R.A.S.C.,  elected  Associate  Member,  447. 

Heaton,  T.  T.,  Thomas  Hawksley  Gold  Medal  Award,  7.— Presentation  of 
Medal,  211. 

Hele-Shaw,  H.  S.,  nominated  for  re-election  as  Member  of  Council,  46. — 
Remarks  on  Water-Power,  175-8: — on  Annual  Report,  210:— on 
alterations  to  By-laws,  218,  223,  242,  243,  245,  250.— Re-elected  Member 
6f  Council,  224.— Remarks  on  Vote  of  Thanks  to  Vice-Presidents,  228. 

Hewitt,  A.  E.,  Associate  Member  transferred  to  Member,  231. 

Hewitt,  J.,  elected  Graduate,  449. 

Hewson,  F.  L.,  Major,  R.A.S.C,  M.T.,  elected  Associate  Member,  447. 
Hewbon,  G.  W.,  elected  Associate,  448. 
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Hill,  B.  A.,  elected  Associate  Member,  447. 

Hill,  W.  C,  elected  Associate  Member,  447. 

Hills,  B.  A.  C,  elected  Graduate,  449. 

Hind,  J.  A.,  elected  Associate  Member,  447. 

HiNDMARSH,  R.  F.,  elected  Member,  47. 

Hinds,  F.  D.,  elected  Associate  Member,  447. 

HiNES,  J.  S.,  Decease,  3. 

HiTCHON,  J.  R.,  elected  Associate  Member,  49. 

Hodgson,  H.,  Associate  Member  transferred  to  Member,  51. 

HoDSON,  T.  S.,  elected  Associate  Member,  447. 

HoLLiNS,  J.,  elected  Associate  Member,  447. 

HoLTHUSEN,  L.  C,  elected  Associate  Member,  2G0. 

Honorary  Life  Members,  Nomination,  2. 

Honours  conferred  by  H.M.  The  King,  2. 

HoPKiNSON,  E.,  Letter  on  retiring  from  Presidency,  225. 

Hoesfield,  R.,  elected  Associate  Member,  49. 

Houston,  T.  R.,  elected  Associate  Member,  260. 

Howard,  E.  E.,  elected  Graduate,  50. 

Howard,  J.  V.,  elected  Associate  Member,  447. 

Hubert,  H.  V.,  Commandership  of  Order  of  the  British  Empire,  2. 

Hucks,  F.,  Eng.  Lt.-Com.,  R.N.,  elected  Associate  Member,  447. 

Hudson,  A.  E.  C,  elected  Graduate,  50. 

HuMFRESS,  E.  G.,  elected  Graduate,  50. 

Humphreys,  H.  G.,  elected  Associate  Member,  49. 

Hunter,  J.  K.,  elected  Graduate,  449. 

Hurd,  M.,  Remarks  on  Mechanical  Stoker  Tests,  380. 

HuTCHiN,  S.,  elected  Associate  Member,  447. 

Hutchinson,  T.  G.  G.,  Eng.  Lieut.,  R.N.,  elected  Associate  Member,  49. 

Hutchinson,  T.  M.,  Lt.-Col.,  D.S.O.,  O.B.E.,  elected  Member,  446. 

Hyde,  J.  H.,  Remarks  on  alterations  to  By-laws,  237. 

Hydro-Electbic  Stations,  135.    Sec  Water-Power. 

Illingworth,  R.,  elected  Associate  Member,  260. 

Indian  Society  of  Engineers,  Formation,  12. 

Informal  Meetings,  9. 

Ingham,  W.,  Remarks  on  Water-Power,  157  : — on  Mechanical  Stoker  Teats,  352. 

Ingram,  N.G.S.,  elected  Graduate,  449. 

Innes,  J.,  Sir  Robert  Hadfield  Prize  Fund  Grant,  5. 

Ireland,  E.  G.,  elected  Member,  446. 

Jack,  F.  B.,  Decease,  3. 

Jackson,  Sir  J.,  C.V.O.,  Decease,  3.— Memoir,  543. 
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Jackson,  R.  H.,  Decease,  3. 

Jackson,  S.,  elected  Member,  47. 

Jacobs,  C.  M.,  Decease,  3. — Memoir,  549. 

James,  A.  E.  W.,  elected  Associate  Member,  49. 

James,  C.  W.,  nominated  for  election  as  Member  of  Council,  46. — Elected 

Member  of  Council,  224. 
James,  H.  B.  R.,  elected  Associate  Member,  447. 
James,  R.,  elected  Associate  Member,  447. 
James,  W.  A.,  elected  Associate  Member,  447. 
James  Watt,  Centenary  of  Death  Commemoration  Meetings,  10. 
January  Meetings,  1920,  Business,  45,  54. 
Jarny,  M.  E.  de,  elected  Member,  47. 
Jarvis,  a.  C,  elected  Member,  47. 
Jarvis,  J.  B.,  Capt.,  R.A.O.C,  Decease,  3. 
Jeff,  W.,  Associate  Member  transferred  to  Member,  261. 
Johnson,  C.  H.,  Capt.,  R.E.,  and  R.A.F.,  elected  Associate  Member,  49. 
Johnson,  E,  C,  elected  Graduate,  50. 
Johnson,  J.  W.,  elected  Associate  Member,  49. 
Johnson,  S.,  elected  Associate  Member,  49. 

Jones,  P.  R.,  Remarks  on  alterations  to  By-laws,  236,  240,  241,  244. 
JoPLiNG,  H.  L.  W.,  elected  Associate  Member,  447. 
Jordan,  H.  M.,  elected  Associate  Member,  447. 
JoRY,  R.,  elected  Associate  Member,  49. 
Joy,  B.,  seconded  re-appointment  of  R.  Crane  as  Auditor,  230. — Remarks  on 

alterations  to  By-laws,  242. 
JOYNT,  E.  E.,  elected  Member,  47. 
JcDD,  E.  H.,  elected  Associate  Member,  447. 
JcDSON,  N.,  elected  Graduate,  50. 
Junior  Grade  of  Graduates,  219-223,  449. 

Kayser,  J.  F.,  Remarks  on  Hardening  of  Screw-Gauges,  514. 

Kell,  a.  H.,  Decease,  3. 

King,  W.  E.,  elected  Associate  Member,  49. 

Kingsbury  Thrust-Bearing,  91.     See  Water-Power. 

KiRBY,  E.  J.,  Remarks  on  Mechanical  Stoker  Tests,  384. 

Knight,  E.  R.,  elected  Graduate,  449. 

Knowles,  a.,  elected  Member,  446. 

Kyle,  P.,  elected  Associate  Member,  49. 

Lackie,  W.  W.,  Commandership  of  Order  of  the  British  Empire,  2. 
Lamarque,  G.  H.  R.  C.  M.  de  P.,  elected  Associate  Member,  263. 
Landstad,  H.,  elected  Associate  Member,  447. 
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Lang,  M.,  elected  Associate  Member,  40. 
Lawless,  G.,  elected  Associate  Member,  260. 
Lawrence,  H.  M.,  elected  Associate  Member,  49. 
Lea,  W.  A.,  elected  Associate  Member,  447. 
Leeming,  E.  L.,  Remarks  on  Water-Power,  159. 

Legbos,  L.  a.,  Starley  Premium  Award,  7. — Presentation  of  Award,  211. 
.  Lelakd,     F.    W.     G.,     Lieut.-Col.,     C.B.E.,     D.S.O.,    R.A.S.C,     elected 

Associate,  261. 
Lemkes,  C.  R.  L.,  Decease,  3. 
Lewis,  D.,  elected  Associate  Member,  447. 
Lewis,  H.  S.  0.,  Captain,  elected  Associate  Member,  447. 
Lewis-Smith,  E.  0.,  elected  Member,  446. 
Library  Donations,  8,  27-43. 
Liddell,  Maj.-Gen.  Sir  W.  A.,  K.C.M.G.,  Remarks  at  Anniversary  Dinner, 

537. 
Li  LEY,  W.  H.,  elected  Associate  Member,  49. 
LiMBOURNE,  C.  W.,  elected  Associate  Member,  260. 
Lindsay,  F.  E.,  elected  Associate  Member,  49. 
LiNDUP,  E.,  elected  Graduate,  449. 
LiNEHAM,  W.  J.,  Decease,  3. — Paper  on  the  Hardening  of  Screw-Gauges  with 

the  least  distortion  in  Pitch  (referring  to  Water  Hardening),  451. — 

Paper  (referring  to  Oil  Hardening),  467. 
Lloyd,  W.  H.,  elected  Associate  Member,  260. 
Lloyd-Evans,  B.  J.,  elected  Associate  Member,  49. 
Local  Correspondents  and  Meetings,  9. 
Longridge,  M.,  Remarks  on  alterations  to  By-laws,  213,  241,  245. — Motion 

of  thanks  to  Dr.  Hopkinson,  226,  228. 
LcNDY,  F.  S.,  elected  Associate  Member,  260. 
Lynam,  C.  G.,  elected  Associate  Member,  447. 
Lyon,  F.  0.,  elected  Associate  Member,  447. 

McCarthy,  M.  J.  C,  elected  Associate  Member,  447. 

McCoLL,  R.  B.,  elected  Member,  47. 

MacDonald,  J.  H.,  elected  Graduate,  261. 

McDonald,  N.  A.,  elected  Graduate,  50. 

McIntybe,  a.  R.,  elected  Graduate,  449. 

MacIver,  J.  C,  elected  Associate  !Member,  49. 

McKenzie,  a.  F.,  elected  Associate  Jtlember,  49. 

McKintt,  J.,  elected  Associate  ilomber,  447. 

McLaren,  J.,  Knight  Commandership  of  Order  of  the  British  Empire,  2. 

Maclay,  D.  M.,  Remarks  on  Mechanical  Properties  of  Steel,  439. 

SIcLean,  J.  G.,  Remarks  on  Mechanical  Stoker  Tests,  359. 
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MacLeod,  A.  G.  G.,  elected  Associate  Member,  49. 

McMahon,  F.  R.,  Major,  D.S.O.,  R.E.,  elected  Associate  Member,  447. 

McNaughton,  G.  M.,  elected  Associate  Member,  49. 

McPherson,  D.  C,  M.B.E.,  elected  Associate  Member,  447. 

McPhekson,  G.  W.,  elected  Associate  Member,  260. 

Main,  G.  A.,  elected  Associate  Member,  49. 

Makepeace,  H.  C,  elected  Associate  Member,  447. 

Malcolm,  B.,  Retirement  from  Council,  46. 

Manchester  Meetings,  1920,  54,  154,  262,  342,  450,  505. 

March  Meeting,  1920,  Business,  259. 

Marchinton,  W.  F.,  elected  Associate  Member,  49. 

Mason,  J.  V.,  Captain,  R.A.O.C,  elected  Associate  Member,  447. 

Mason,  R.  A.,  elected  Graduate,  50. 

Masser,  A.  H.,  elected  Graduate,  51. 

Maudslay,  R.  W.,  elected  Member,  47. 

Maw,  W.  H.,  seconded  Vote  of  Thanks  to  Dr.  Hopkinson,  227. 

Mead,  J.,  elected  Associate  Member,  260. 

Mechanical  Properties  of  Steel,  Communication  by  D.  M.  Maclay,  439. — 
Reply  by  W.  H.  Hatfield,  442. 

Mechanical  Stoker  Tests,  Paper  on  Exact  Data  on  the  Performance  of 
Mechanical  Stokers  as  applied  to  "  Lancashire  "  or  other  narrow-flued 
Boilers,  by  D.  Brownlie,  263. — Investigation  of  80  typical  plants,  263. — 
Consumption  of  coal  in  1913,  265. — Coking  type  of  stokers,  266 ; 
sprinkling  type,  267 ;  measurement  of  water  evaporated ;  analysis  of 
feed- water,  269 ;  auxiliary  steam ;  obsolete  methods,  270. — Plants 
represented  in  tests ;  price  of  coal,  271 ;  analysis  of  feed-water ; 
temperature  of  feed-water,  272 ;  method  of  draught ;  boiler  pressure, 
273. — Advantages  and  disadvantages :  efficiency,  274 ;  percentage  of 
CO,,  276 ;  life  of  boiler ;  steam  produced,  278 ;  flexibility  of  steam 
output  and  in  quality  of  fuel,  279;  fuel  burned,  280;  black  smoke, 
281 ;  cost  of  up-keep,  282 ;  steam-jets,  283. — Results  of  tests : 
Sprinkling  stokers,  284;  Coking  stokers,  287. — Cost  of  labour,  291.— 
Better  conditions  in  fire-hole,  292. — Capital  outlay,  etc.,  293. — 
Summary  of  advantages  and  disadvantages,  293. — Saving  by  up-to-date 
methods,  295.— Tabulated  details,  298-313. 

Discussion  in  London,  19  March  1920. — Sankey,  Capt.  H.  R., 
Unbiased  nature  of  trials,  314. — Storie,  G.  B.,  Smoke  tests,  314. — 
waste  from  steam-jets ;  steam  losses  in  driving  fans,  316. — Erith,  C, 
Absence  of  heat  balances ;  results  of  reorganization  wanted,  317 ; 
National  Electrification  Scheme,  318;  temperature  of  gases  leaving 
the  economiser,  319;  steam-drive,  320. — Rushworth,  D.,  Effect  of 
mechanical  stokers  on  economiser  tubes,  321. — Bennis,  A.  VV.,  Efficient 
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female  labour  in  explosive  factories,  322 ;  tests  taken  during  War 
period;  errors  in  fuel  values,  323  ;  results  of  twenty-six  tests,  324-5; 
C0„  results,  326 ;  boiler  test  at  Formby  Power  Station,  327. — 
Reavell,  W.,  Plants  not  typical;  air  leakages,  329;  size  of  plants, 
330;  low  efficiencies;  coal  consumed  per  annum,  331. — Wilson,  D., 
Deductions  from  Paper,  332;  Lancashire  boiler  as  standard,  333;  coal 
control,  334. — Spyer,  A.,  Efficiency  with  both  methods  of  firing,  335. — 
Patchell,  W.  H.,  Chemical  point  of  view  of  Paper,  336. — Brownlie,  D., 
Advantage  claimed  for  mechanical  stokers,  337 ;  common  sense 
required  in  boiler  working,  338  ;  excessive  steam  in  steam-jets,  339 ; 
labour  saving  ;  tests  carried  out  all  over  the  country,  340;  engineering 
census  required,  341. 

Discussion  in  MancJiester,  25  March  1920.— Adamson,  D.,  Improved 
economy  by  better  supervision  in  fire-hole ;  increase  of  output  by 
shutting  of!  feed,  342;  water-meters;  steam-jets,  343;  less  elasticity 
on  sudden  demand,  344 ;  removal  of  ashes,  345. — Ainsworth,  J.  W., 
Slechanical  firing  superior  to  hand-firing ;  efficiency,  345 ;  percentage 
of  COj,  346 ;  steam  output ;  fuel,  347 ;  cost  of  upkeep ;  steam-jets,  348 ; 
labour  costs,  349. — Dale,  G.,  Percentage  of  CO.^  in  flue-gases  form 
indication  of  efficiency,  350;  clinkering,  351. — Ingham,  W.,  Efficiency 
of  Lancashire  boilers,  352;  boiler  life,  353;  scaling,  354. — Walton,  T., 
Life  of  boilers  ;  hogging  of  flues,  355 ;  height  of  bridge,  356 ;  forced 
draught,  357.— Geldard,  J.,  Early  tests  of  stokers,  357 ;  fluctuating 
loads,  358;  poor  fuel,  359. — McLean,  J.  G.,  Poor  fuel,  359;  economy 
due  to  mechanical  stokers,  360. 

Discussio7i  in  Birviingham,  25  March  1920. — Mills,  W.,  Indictment 
of  engineers  and  stoker  makers  by  Author,  351 ;  difficulties  of  obtaining 
reliable  data,  362.— Fearn,  J.,  Misleading  deductions,  363;  tests  at 
works  of  B.S.A.  Co.,  364. — Edwards,  A,  E.  A.,  Careless  admission  of 
air  affected  fuel  consumption ;  national  coal  consumption,  366 ;  black 
smoke,  367;  super-power  stations,  369. — Walshe,  J.  M.,  Efficiency  of 
stokers,  370 ;  fluctuations  in  steam  demand ;  COo  percentage,  371 ; 
conditions  in  fire-hole,  372. — Beeching,  F.  W.,  Bad  experience  with 
stokers,  372.— Eley,  C.  V.  A.,  Errors  due  to  poor  fuel,  373 ;  results  of 
tests,  374 ;  reasons  for  poor  results  from  mechanical  stokers,  375. 

Communicalions. — Burcham,  R.  E.,  Efficiency;  boiler  life,  377. — 
Gillespy,  G.  T.,  Tests  made  under  normal  conditions,  378. — Grandage, 
N.  A.,  Importance  of  human  factor,  379. — Hurd,  M.,  Coking  stokers, 
uneconomical,  380;  cleaning  of  fires,  381;  sources  of  loss  in  working 
boilers,  382;  Buper-power  stations,  383. — Kirby,  E.  J.,  Steam-jets,;  384  ; 
upkeep  of  stokers;  steam  condition«,  385. — Noel,  E.  R.,  Efficiency 
of  mechanical  stoker,  386. — Pirie,  Capt.  H.  L.,  Skilled  attention,  387. — 
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Purchas,  A.  W.,  Apparatus  for  measuring  steam  from  steam-jets,  388. — 
Scorer,  A.  B.,  Regularity  of  steam-pressure,  390. — Stromeyer,  C.  E., 
Heat  absorbed  by  boiler-plate,  391. — Taylor,  C.  P.,  Experience  with 
Lancashire  boilers,  392. — Utting,  Major  S.,  Object  of  tests  not  dealt 
with,  393  ;  effect  of  economiser ;  advantage  of  stokers,  395 ;  damage  to 
furnace  crowns,  396. — Ward,  E.  P.,  Cold  air  effects,  397 ;  simplification 
of  stokers  required,  398. — Wollaston,  T.  R.,  Long  tests  most 
reliable,  399;  performance  of  underfeed  stokers,  400;  boiler  furnace 
construction,  401. — Brownlie,  D.,  Object  of  tests,  401 ;  typical  plants,. 
402 ;  age  ol  plants,  404;  errors  in  figures ;  fuel  analysis,  405  ;  COj,  406  ; 
black  smoke,  408 ;  steam-jets,  409 ;  moisture  in  steam,  410 ;  causes  of 
low  efficiency ;  life  of  boiler,  411 ;  increased  steam  output ;  inferior 
coal,  412 ;  flexibility  of  coal  burnt ;  cost  of  upkeep ;  saving  in  labour, 
413 ;  economisers ;  superheaters,  414 ;  coke  as  fuel,  415 ;  National 
Electrification  Scheme,  416 ;  Mr.  Bennis'  tests,  418 :  engineering 
census,  420 ;  plants  reorganized,  420 ;  Author's  methods,  422  ;  general 
remarks,  425. 

Meeson,  W.  p.,  elected  Associate  Member,  447. 

Meetings,  1920,  London. — January,  45  : — Annual  General,  209,  231 : — March,. 
259 :— AprU,  445.— Birmingham,  262,  361.— Manchester,  54,  154,  262, 
342,  450,  505.— Informal,  9. 

Memoibs  of  Members,  etc.,  recently  deceased,  545. 

Memoeial,  War,  4. 

Metcalf,  N.,  elected  Graduate,  261. 

Metcalfe,  J.,  Memoir,  551. 

Middlemiss,  E.  T.,  Major,  R.E.,  elected  Associate  Member,  49. 

MiLLiNGTON,  W.  E.  W.,  Associate  Member  transferred  to  Member,  231. 

Mills,  A.  H.,  elected  Associate  Member,  447. 

Mills,  W.,  nominated  for  election  as  Member  of  Council,  46. — Remarks  on 
Mechanical  Stoker  Tests,  361. 

Mitchell,  A.  H.,  Decease,  3. 

Mitchell,  J.,  elected  Associate  Member,  49. 

Mitchell,  W.  A.,  Decease,  3. 

MiTABABA,  Baron  J.,  Eng.  Vice- Admiral,  Decease,  3. 

MoNKHOUSE,  E.  W.,  Remarks  on  alterations  to  By-Laws,  236,  243. 

Moin-AGU  OF  Beadlieu,  Lord,  Knight  Commandership  of  Order  of  the 
Indian  Empire,  2. 

MooKEBJEE,  The  Hon.  Sir  R.  N.,  K.C.I.E.,  Nomination  as  Hon.  Life 
Member,  2. 

Moon,  J.  G.,  Remarks  on  alterations  to  By-Laws,  238,  240. 

MooBE,  E.  A.,  elected  Graduate,  51. 

MooBK,  F.  F.  J.,  elected  Graduate,  449. 

2  Q 
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Morgan,  G.  B.,  elected  Associate  Member,  447. 

MoRisoN,  D.  B.,  nominated  for  re-election  as  Member  of  Council,  46. — 

Re-elected  Member  of  Council,  224. 
MoRLEY,  T.  B.,  Associate  Member  transferred  to  Mertiber,  51. 
Morris,  L.  S.,  elected  Graduate,  449. 

Moss,  E.  W.,  Remarks  on  alterations  to  By-Laws,  219,  222. 
MoULDEN,  E.  S.,  Decease,  3. — Memoir,  552. 
MowLL,  H.  S.,  Lt.,  R.N.V.R.,  Decease,  3. 
Murray,  J.  0.,  elected  Member,  47. 

Nash,  Sir  P.  A.  M.,  K.C.M.G.,  C.B.,  elected  Member,  47. 

Neal,  B.  H.,  elected  Graduate,  261. 

Neech,  H.  R.,  elected  Associate,  50. 

Needham,  R,  a..  Decease,  3. 

Neil,  A.,  Decease,  3. 

Neville,  H.  F.,  elected  Associate  Member,  447. 

Newhouse,  F.  L.,  Eng.  Lt.-Com.,  R.N.  (ret.),  elected  Associate  Member,  4  . 

NiBLETT,  H.,  Lt.-Col.,  C.B.E.,  D.S.O.,  elected  Member,  47. 

ITiCHOLSON,  J.  R.,  Knight  Bachelorship,  2. 

NiMMO,  H.,  Captain,  R.E.  (T.),  elected  Associate  Member,  49. 

Noble,  E.G.,  elected  Member,  47. 

Noel,  E.  R.,  Remarks  on  Mechanical  Stoker  Tests,  386. 

NORRIE,  Major  CM.,  Remarks  on  Water-Power,  136. 

Norton,  A.  M.,  elected  Graduate,  261. 

Norton,  F.  A.,  elected  Associate  Member,  49. 

NoYES,  E.,  Memoir,  552, 

O'CoNNELL,  T.  J.,  elected  Graduate,  261. 

jO'Donnell,  J.  P.,  Decease,  3. — Memoir,  553. 

Ogden,  J.,  elected  Member,  48. 

Ogg,  E.  L.,  Associate  Member  transferred  to  Member,  51. 

Orme,  C.  T.,  Decease,  3. 

Ormsby,  a.  S.  a.,  Decease,  3. — Memoir,  554. 

Orton,  a.;  elected  Associate  Member,  49. 

Obborn,  W.  S.,  elected  Associate  Member,  447. 

Owen,  H.,  elected  Member,  48. 

Paddon,  Lt.-Col.,  S.  S.  W.,  Companionship  of  Order  of  the  Indian  Empire,  2, 

Page,  A.,  elected  Graduate,  449. 

Parfitt,  a.  W.  C,  elected  Graduate,  449. 

Parish,  C.  E.,  Remarks  on  alterations  to  By-laws,  238. 

Parker,  E.  T.,  elected  Associate  Member,  447. 
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Pabeeb,  L.  G.,  elected  Associate  Member,  49. 

Patchell,  W.  H.,  Remarks  on  Water-Power,  178 : — on  alterations  to  By-laws, 
219,  222 :— on  Mechanical  Stoker  Tests,  336  :— on  Hardening  of  Screw- 
Gauges,  503  : — at  Anniversary  Dinner,  532. 

Patent  Law  Amendments,  Principal  changes  effected,  11. 

Peabce,  S.  Tj.,  Commandership  of  Order  of  the  British  Empire,  2. 

Pearsall,  R.  H.,  Associate  Member  transferred  to  Member,  231. 

Pelton  Wheels,  126.     See  Water-Power, 

Pendbed,  L.  St.  L.,  nominated  for  election  as  Member  of  Council,  46. — 
Remarks  on  Water-Power,  169:  on  alterations  to  By-laws,  237,  242, 
243. — Appointed  Member  of  Council,  445. 

Pebbt,  p.  B.,  Associate  Member  transferred  to  Member,  449. 

Pebbt,  W.,  elected  Associate  Member,  49. 

Petrie,  T.  a.,  elected  Member,  446. 

Philips,  J.  A.  F.,  Captain,  R.E.,  elected  Associate  Member,  260. 

Phillips,  J.  R.,  elected  Graduate,  449. 

Pilkington,  T.,  elected  Member,  48. 

Pilling,  H.,  M.B.E.,  Remarks  on  Hardening  of  Screw-Gauges,  505,  511. 

PiRiE,  Capt.  H.  L.,  Remarks  en  Mechanical  Stoker  Tests,  387. 

Piston-Rings  Research,  7. 

Pitt,  A.  G.,  elected  Associate  Member,  49. 

Pitt,  H.  W.,  elected  Associate  Member,  448. 

Platts,  F.,  elected  Associate  Member,  49. 

Portrait  of  Sir  John  Aspinall,  8. 

Potter,  W.  H.,  Decease,  3. 

PoTTiE,  G.,  Jun.,  elected  Associate  Member,  49. 

POULSON,  T.  H.,  elected  Associate  Member,  448. 

PowLES,  H.  H.  p..  Decease,  8. 

Pratt,  C.  A.,  Decease,  3. 

Price,  J.,  Decease,  3. 

Price,  J.  W,,  elected  Associate  Member,  260. 

Pbinglb,  J.  E.,  elected  Graduate,  51, 

Pbitchard,  F.,  elected  Associate  Member,  448. 

PxjBCHAS,  A.  W,,  Remarks  on  Jlechanical  Stoker  Tests,  388. 

Rainpobth,  W,  F,,  Associate  Member  transferred  to  Member,  261, 

Rankin,  E,  A,,  Decease,  3. 

Raven,  Sir  V,  L.,  K.B.E.,  nominated  for  re-election  as  Member  of  Council, 

46. — Re-elected  Member  of  Council,  224. 
Raworth,  B.  a,,  Decease,  3. 

Ratleigh,  Rt.  Hon,  Lord,  P.C,  O.M.,  F.R.S.,  Decease,  3. 
Reason,  H.  L.,  Associate  Member  transferred  to  Member,  449. 
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Reavell,  W.,  Remarks  on  alterations  to  By-laws,  223 : — on  Mechanical 
Stoker  Tests,  329. 

Reed,  F.  A.,  R.A.F.,  Decease,  3. 

Refrigeration  Research,  6. 

Report  of  Council,  Annual,  1.     See  Council,  Annual  Report. 

Researcu. — Grants,  7  : — Alloys,  5  : — Steam- Nozzles,  5  : — Hardness  Tests,  6  : — 
Wire- Ropes,  6 : — Cutting  Tools,  G  : — Refrigeration,  G  : — Piston-Rings,  7. 

Reynolds,  0.,  Decease,  3. 

Rhodes,  E.,  Decease,  3. 

Rice,  T.  S.,  Decease,  3. 

RicKETTS,  S.  J.,  elected  Graduate,  51. 

Riviere,  P.  L.,  Associate  Member  transferred  to  Member,  449. 

Roberts,  C.  T.,  Decease,  3. 

Roberts,  D.  E.,  nominated  for  election  as  Member  of  Council,  46. — Appointed 
Member  of  Council,  259. 

Robinson,  F.  E.,  elected  Member,  446. 

Robinson,  G.  H.,  elected  Associate  Member,  448. 

Robinson,  M.,  Notice  of  alterations  to  By-laws,  51. — Presentation  of  Aero- 
Engine  by  W.  H.  Allen,  54.— Remarks  on  Water-Power,  152,  153.— 
Moved  adoption  of  Annual  Report,  209,  210. — Presentation  of  Prizes, 
211.— Remarks  on  alterations  to  By-laws,  211,  216,  217,  213,  251.— 
Acknowledgment  of  Vote  of  Thanks,  229. 

RocHFORD,  L.  H.,  elected  Graduate,  51. 

Rodger,  J.  B.,  Decease,  3. 

RoLLO,  Brig.-Gen.  G.,  Companionship  of  Order  of  St.  Michael  and  St. 
George,  2. 

RoLT,  F.  H.,  Remarks  on  Hardening  of  Screw-Gauges,  501. 

Rose,  E.  A.,  Lt.-Col.,  C.B.E.,  R.A.S,C.,  M.T.,  elected  Member,  48. 

Ross,  J.  F.  S.,  M.C.,  elected  Associate  Member,  443. 

Ross-Ross,  D.  de  C,  elected  Graduate,  261. 

Rowland,  W.  H.,  elected  Member,  48. 

ROYLE,  H.  M.,  elected  Associate  Member,  448. 

RuGG,  C.  J.,  elected  Graduate,  449. 

Rushworth,  D.,  Remarks  on  Mechanical  Stoker  Tests,  321. 

Salmon,  M.  W.,  Capt.,  R.E.,  elected  Associate  Member,  49. 

Salmon,  R.M.,  Major,  R.E.,  elected  Associate  Member,  49. 

Sanders,  R.  D.,  Decease,  3. 

Sankey,  Capt.  H.  R.,  C.B.,  R.E.,  ret.,  nominated  for  election  as  President,  46. 
— Remarks  on  Water-Power,  175-7.— Seconded  adoption  of  Annual 
Report,  209.— Remarks  on  alterations  to  By-laws,  215, 219,  221,  231-251. 
—Elected  President,  223.— Remarks  on  election  as  President,  226  :— 
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on  Vote  of  Thanks  to  retiring  President,  229  :— on  Mechanical  Stoker 
Tests,  31i  :— on  Hardening  of  Screw-Gauges,  478,  479:— on  decease  of 
W.  Worsdell,  445  :— on  Junior  Grade  of  Graduates,  449 :— at  Anniversary 
Dinner,  535,  543. 

Saunders,  E.  G.  C,  elected  Associate  Member,  260. 

ScATCHEKD,  E.,  elected  Associate  Member,  49. 

ScHOLES,  E.  H.,  elected  Member,  48. 

ScoBiE,  J.,  elected  Associate  Member,  448. 

ScoREK,  A.  B.,  Remarks  on  Mechanical  Stoker  Tests,  390. 

Scotland,  H.  H.,  elected  Associate  Member,  260. 

Scott,  H.  J.,  elected  Graduate,  51. 

Screw-Gauges,  Hardening,  451.    See  Hardening  of  Screw-Gauges. 

Sellors,  C,   elected  Associate  Member,  50. 

Shanks,  W.,  Col.  V.D.,  Decease,  3. 

Sharp,  H.  E.,  elected  Graduate,  449. 

Shaw,  T.  R.,  Associate  Member  transferred  to  Member,  449. 

Shelley,  A.  C.  elected  Associate  Member,  448. 

Shelley,  T.,  elected  Graduate,  51. 

Sheppard,  L.  H.  I.,  Lieut.,  elected  Associate  Member,  443. 

Shimmin,  H,,  elected  Member,  446. 

Shoda,  T.,  elected  Associate  Member,  448. 

Shore,  A.  F.,  Sir  Robert  Hadfield  Prize  Fund  Grant,  5. 

Sim,  W.  S.,  elected  Member,  446. 

Sir  Robert  Hadfield  Prize  Fund,  Grants,  5. — Accounts,  22. — Conditions  of 
Award,  24. 

Slater,  E.,  Associate  Member  transferred  to  Member,  231. 

Smeaton,  J.  G.,  elected  Associate  Member,  260, 

Smith,  A.  R.,  elected  IMember,  48. 

Smith,  E.  C,  Eng.-Com.,  O.B.E.,  R.N.,  elected  Member,  259. 

Smith,  G.,  Remarks  on  alterations  to  By-laws,  219. 

Smith,  G.  H.,  elected  Associate  Member,  50. 

Smith,  H.  F.,  elected  Associate  Member,  448. 

Smith,  L.  G.,  elected  Graduate,  449. 

Smith  S.  A.,  Remarks  on  Water-Power,  155. 

Smith  S.  L.,  elected  Associate  Member,  448. 

Smyth,  J.  McF.,  Associate  Member  transferred  to  Member,  231. 

Shelling,  N.  S.,  Captain,  R.E.,  elected  Associate  Member,  448. 

Sollis,  L.,  elected  Associate  Member,  448. 

Sparks,  Capt.,  H.  C,  Companionship  of  Order  of  St.  Michael  and  St. 
George,  2. 

Spyer,  a..  Remarks  on  Mechanical  Stoker  Tests,  335. 

Squires,  T.  B.,  elected  Associate  Member,  50. 
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Staniab,  H.  D.,  Capt.,  R.A.F.,  Associate  Member  transferred  to  Member,  449. 

Starley  Premium,  Award,  7.— Accounts,  20.— Presentation  of  Award,  211. 

Stakkes,  C.  W.,  elected  Associate  Member,  448. 

Steam-Nozzles  Research,  5. 

Steel,  Mechanical  Properties,  Communication,  by  D.  M.  JIaclay,  439. 

Stephenson,  A.,  elected  Associate  Member,  448. 

Stephenson-Peach,  W.  J.,  Decease,  3. 

Stewart,  G.,  Decease,  8. 

Stipelman,  M.,  elected  Associate  Member,  50. 

Stobie,  p.,  elected  Associate  Member,  50. 

Stockbridge,  N.  F.,  elected  Associate  Member,  448. 

Stoker  Tests,  Mechanical,  263.     See  Mechanical  Stoker  Tests. 

Stokoe,  C.  L.,  elected  Associate  Member,  448. 

Stone,  F.,  elected  Associate  Member,  50. — Remarks, on  Water-Power,  159. 

Storie,  G.  B.,  Remarks  on  Mechanical  Stoker  Tests,  314. 

Stromeybb,  C.  E.,  Remarks  on  Mechanical  Stoker  Tests,  391:— on  Hardening 

of  Screw-Gauges,  506. 
Strong,  E.  S.,  Decease,  3, 
Stcart,  J.,  elected  Associate  Member,  50. 

Tassell,  a.  J.,  Decease,  3. 

Taylor,  A.  H.,  elected  Associate  Member,  448. 

Taylor,  C.  P.,  Remarks  on  Mechanical  Stoker  Tests,  392. 

Taylor,  W.,  O.B.E.,  Remarks  on  Hardening  of  Screw-Gauges,  515. 

Tatlob,  W.  T.,  Remarks  on  Water- Power,  189. 

Thatcher,  G.  R.,  elected  Associate  Member,  448. 

Thomas,  J.  H.,  elected  Associate  Member,  448. 

Thomas,  J.  V.,  Lieut.,  R.E.,  Decease,  3. 

Thomas    Hawkslby    Fund,    Award,    7. — Accounts,    21. — Presentation     of 

Award,  211. 
Thompson,  A.  A.,  Major,  elected  Associate  Member,  50. 
Thompson,  G.  W.,  Remarks  on  alterations  to  By-laws,  216,  232,  244. 
Thompson,  R.  F.  S.,  Decease,  3. 
Thomson,  G.,  Jun.,  elected  Associate  Member,  448. 
Thomson,  Sir  J.  J.,  Remarks  at  Anniversary  Dinner,  538. 
Thornley,  G.  H.,  Decease,  3.— Memoir,  554. 
Thrust-Bearings,  Kingsbury,  91,     See  Water-Power. 
Thwaites,  R.  a.  S.,  Associate  Member  transferred  to  Member,  261. 
Ticehubbt,  a.  C,  Major,  M.C.,  R.E.  (T.)  elected  Associate  Member,  50. 
TiPPETT,  G.  A.,  elected  Associate  Member,  448. 

Tompkins,  Eng.  Capt.  A.  E.,  Commandership  of  Order  of  the  British  Empire,  2. 
Tbaneferences  of  Associate  Members,  etc.,  to  Members,  51,  231,  261,  449. 
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Tkollopb.  F.  W  ,  elected  Associate  Member,  443. 
Turbines,  Francis,  62. 

Undbbwood,  F.  B.,  elected  Graduate,  51. 

Utting,  S.,  Major,  Associate  Member  transferred  to  Member,  51. — Remarks 
on  Mechanicail  Stoker  Tests,  393. 


Vaughan,  H.  H.,  elected  Associate  Member,  443. 

Verity,  G.,  elected] Associate  Member,  443. 

ViCKBBS,  A.,  Decease,  3. 

Vine,  H.  J.,  Associate  Member  transferred  to  Member,  51. 


Wade,  C.  F.,  elected  Associate  Member,  50. 

Wales,  H.R.H.  The  Prince  of,  Nomination  as  Hon.  Life  Member,  2. 

Walke,  C.  N.  E.,  Decease,  4. 

Wallace,  D.  M.,  elected  Member,  446. 

Walsh,  R.  M.  P.,  Eng.  Lt.-Com.,  R.N.,  elected  Associate  Member,  448. 

Walshe,  J.  M.,  Remarks  on  Mechanical  Stoker  Tests,  370. 

Walthbw,  J.  G.,  Remarks  on  Water-Power,  156. 

Walton,  T.,  Remarks  on  Mechanical  Stoker  Tests,  355. 

War  Memorial,  4. 

Ward,  E.  P.,  Remarks  on  Mechanical  Stoker  Tests,  397. 

WARDLfc,  E.,  Decease,  4. 

Warner,  F.  A.,  elected  Associate  Member,  50. 

Warren,  T.  R.  P.,  Col.,  R.A.S.G.,  elected  Associate  Member,  50. 

Warwick,  P.  W.,  Associate  Member  transferred  to  Member,  51. 

Water  Arbitration  Prize  Fund,  Accounts,  20. — Regulations  for  Seventh 
Award,  23. 

Watebland,  a.  J.  C.,  elected  Associate  Member,  260. 

Water-Power,  Paper  on  Recent  Advances  in  Utilization  of  Water-Power,  by 

E.  M.  Bergstrom,  55. — Introduction,  55. — Output  of  turbines,  57. 

Hydro-electric  installations  since  1895,  58-61. — Francis  turbines,  62. 

recorded  efficiencies,  78 ;  low-pressure  turbines,  85 ;  Kingsbury  thrust- 
bearing,  91.— Medium-pressure  Francis  turbines,  99;  high-pressure 
turbines,  106.— Speed  regulation,  112;  oil-pressure  governor,  114; 
distributing  valve,  118;  relay  valve,  121;  surge  tank,  122.— Pelton 
wheels,  126;  buckets,  128;  nozzles,  129;  regulation,  131.— Hydro- 
electric stations,  135.— Pipe-lines,  140.— Conclusions,  148.— Available 
water-power  in  principal  countries,  150. 
Discussion   in   London,   23  Jan.   1920.— Robinson,  M.,  Thanks  to 
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Author,   162. — Dalby,  W.  E.,   Simple   design   of   turbines;   increased 
efficiency,  152;  governing;  water-  and  steam-turbines  compared,  153. 

Discussion  in  Manchester,  29  Jan.  1920. — Bedson,  J.  P.,  Fourneron 
turbines,  154. — Smith,  S.  A.,  Water-power  in  Sweden,  155;  cost  of 
power  in  bulk,  156. — Walthew,  J.  G.,  Intermittent  flow  in  Great 
Britain,  156;  vertical  generators,  157. — Ingham,  W.,  Tidal  energ)% 
158. — Leeming,  E.  L.,  Apparatus  for  constant  power  from  tides,  159. — 
Dunderdale,  A.,  Hydro-electric  schemes  in  N.  Wales,  159. — Stone,  F., 
Tidal  power  at  Chester,  159. — Cook,  G.,  Chemical  method  of  measuring 
water,  160. — WoUaston,  T.  R.,  Humphrey  pump  combined  with 
turbine  ;  cost  of  power,  161 ;  capital  charges  ;  thrust-bearing,  162. — 
Bergstrom,  E.  M.,  Turbine  development  in  America,  162;  cost  of 
power,  163;  Water-Power  Committee's  E,eport,  164;  vertical  generators ; 
tidal  powers,  165 ;  chemical  method  of  measuring  water,  166. 

Discussion  in  London,  20  Feb.  1920. — Chorlton,  A.  E.  L.,  Turbine 
efficiency,  167  ;  Kingsbury  bearing,  168. 

Discussion  in  Loiidon,  5  March  1920. — Pendred,  L.,  Hydraulic  power 
in  Italy,  169;  Kingsbury's  and  Michell's  thrust-bearings,  170. — 
Anderson,  A.  C.  American  practice,  171 ;  thrust-bearings,  172 ;  simple 
bearings,  173;  welding  of  pipes,  174. — Burne,  E.  L.,  Turbine-gates, 
175.— Sankey,  Capt.,  H.  R.,  Thrust-bearings,  176.— Hele-Shaw,  H.  S., 
Description  of  bearings,  177. — Patchell,  W.  H.,  Cost  of  installations, 
178. 

Coni7nunications.  —  Armfield,  J.  H.,  Small  units ;  high-capacity 
turbines,  180;  turbine-gates,  181. — Digby,  W.  P.,  Material  for  nozzles 
and  buckets  of  Pelton  wheels,  182 ;  needle-ice ;  welded  pipes,  183. — 
Griffith,  P.,  Economic  problems,  184;  financial  and  national 
advantages,  185. — Norrie,  Major,  C.  M.,  Specific  speeds,  186;  draft- 
tubes,  187 ;  collection  of  data  requisite,  188. — Taylor,  W.  T. , 
Difficulties  of  British  manufacturers,  189 ;  turbine  efficiency,  190 ; 
characteristic  speeds,  192. — Bergstrom,  E.  M.,  Chemical  test  for 
measuring  water,  195  ;  Humphrey  pump  combination,  196 ;  efficiencies, 
197 ;  Michell  bearing,  199 ;  electric  welding,  200 ;  American 
development,  201 ;  cylinder-gates  ;  cost  of  works,  202 ;  alloys  for 
nozzles,  204;  specific  speeds,  205 ;  table  of  runaway  speeds,  207. 

Watt,  James,  Centenary  of  Death  Commemoration  Meetings,  10. 

Watt,  T.  E.,  elected  Associate  Member,  448. 

Watts,  S.  G.,  elected  Associate  Member,  50. 

Weib,  The  Rt.  Hon.  Lord,  P.C,  nominated  for  election  as  Vice-President,  46. 
—Elected  Vice-President,  228. 

Webtcott,  S.  J.,  Examination  Prize  Award,  8. — Elected  AsBOciate  Member, 
50. — Presentation  of  Prize,  211. 
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Wheatcroft,  E.,  Captain,  R.E.,  elected  Associate  Member,  260. 

White,  G.  T.,  Revision  of  W.  J.  Lineham's  Papers  on  Hardening  of  Screw- 
Gauges,  451. — Remarks  thereon,  504,  519. 

White,  J.  D.,  Captain,  D.S.O.,  M.C.,  elected  Associate  Member,  260. 

Whitton,  J.  H.,  elected  Associate  Member,  260. 

Whyte,  K.  M.,  elected  Associate  Member,  443. 

WiCKHAM,  J.  A.,  Brig.-General,  elected  Member,  259. 

WiCKSTEED,  J.  H.,  Decease,  4. — Memoir,  555. 

WiDDOwsoN,  E.  L.,  Associate  Member  transferred  to  Member,  261. 

Wild,  G.  H.,  elected  Member,  48. 

WiLLANS  Pbemicm  Fdnd,  Acounts,  20. 

Williams,  A.  T.,  elected  Graduate,  449. 

Williams,  J.  B.,  Decease,  4. 

Williams,  J.  H.,  elected  Graduate,  449. 

Williams,  S.  G.,  Remarks  on  alterations  to  By-laws,  249. 

Williamson,  G.  B.,  elected  Associate  Member,  50. 

WiLLMEB,  E.  E.,  Decease,  4. 

Wilson,  D.,  Remarks  on  Mechanical  Stoker  Tests,  332. 

Wilson,  G.  C,  elected  Associate  Member,  50. 

Wilson,  J.,  Lieut.,  R.A.F.,  elected  Associate  Member,  50. 

Wilson,  J.  H.,  Decease,  4. 

Wilson,  W.  H.,  elected  Associate  Member,  448, 

Winder,  J.  S.,  elected  Associate  Member,  448. 

WiBE-RoPES  Research,  6. 

WoLFENDEN,  R.,  M.B.E.,  Remarks  on  Hardening  of  Screw-Gauges,  518. 

WOLLASTON,  T.  R.,  Remarks  on  Water-Power,  161 :— on  Mechanical  Stoker 
Tests,  399. 

Woodhouse,  J.  A.,  Capt.,  R.E.,  elected  Associate  Member,  50. 

WooLLARD,  F.  G.,  elected  Graduate,  449. 

Worsdell,  W.,  Decease,  445, — Memoir,  556. 

Wright,  T.  Decease,  4. 

.Young,  H.  G.,  elected  Associate  Member,  50. 
Young,  H.  L.,  elected  Graduate,  449. 
Young,  P.  L.,  Remarks  on  Annual  Report,  209. 
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